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GENERAL THEORY OF IWrERMOLECULAR FORCES

A.D. Buckingham
University Chemical Laboratory

Lensfield Road
Cambridge
CB2 1EW
England

ABSTRACT

Thcr is nauch currcnt interest both in iFILcr-and intra-moic-cular potential energy

surfaces. The structure and properties of van der Waals molecules and clusters provide
an important source of information about molecular interactions. This information can
be used to generate intermolecular potentials that can be useful in descriptions of larger
systems, such as condensed phases, solutions of surfactants, and biomacromolecules.

It is convenient to divide intermolecular potentials into long-range and short-range
components. The former are related via perturbation theory to the charge distribution
and polarizabilities of the free molecules, and the resulting long-range potentials vary as
an inverse power of the separation between the molecules. The short-range interactions
result from the overlap of the electron clouds of the interacting molecules and diminish

exponentially with the separation. By dividing the molecules into atoms or small
groups of atoms, it is possible to obtain convenient aid convergent representations of
the potential. The approach can be used to provide a theoretical basis for the popular
site-site potential models that are now used extensively in computer simulations.

Attention will be paid to the additivity or non-additivity of potentials, to the r6le of the

solvent in solutions, and to changes in the electronic properties, such as the dipole
moment, that result from intermolecular forces.
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A VIBRATIONAL MOLECULAR FORCE FIELD
FOR .ACROMOLECULA-R MODELLI=

Gerard VERGOTENi
Faculte de Pharmacie, .'ISERM U27)

Universite de LILLE I -LILLE -FRANCE

An intramolecular force field has been developped for various building blocks with

biological ierest( amino-acids, peptides, aucleotides and sacchaides ). A UREY-BRADLEY-

SHIMANOUCHI type expression has been used for the potential energy function. The

corresponding parameters are obtained on the basis of vibrational frequencies through normal modes

analysis for the crystals. In order to extract the best set among the various force fields able to

reproduce frequencies, additional data are needed. At the present time they consist of infrared and

resonance Ramanintensiies and temperature factors given by the X rays studies. The transferability

of the final set is also checked on larger systems and then used for molecular mechanics and

dynamics calculations. A harmonic dynamics study of bovine pancreatic trypsin inhibitor and a

trm of the left handed Z- DNA helix will be presented and compared with previous published wcrks.
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MODELLING OF BIOMOLECULAR PROPERTIES BY MOLECULAR DYNAMICS SDIULATION

W.F. van Gunsteren

Department of Physical Chemistry
University of Groningen

Nijenborgh 16
,,747 AG Groningen

The Netheriands

and

Dprartment of Physics
Free University
P.O. Box 7161

M0l7 NIC Amsterdam
The Netherlands

During the last decade it has become feasible to simulate the dynamics

of biologically relevant molecules on a computer. The method of molecular

dynamics (MD) solves Neton's equations of motion for a molecular system,

which results in trajectories for all atoms in the system. From these

atomic trajectories a variety of properties can be calculated.

Computer simulation of molecular systems aims at macroscopic behaviour

to be computed from microscopic interactions. The main contributions of the

microscopic point of view are (1) understanding, (2) interpretation of

experimental results, (3) semiquantitative estimates of experimental

results and (4) the capability to interpolate or extrapolate experimental

data into regions that are hard to reach in the laboratory.

One of the two basic problems in the field of molecular modelling and

simulation is how to efficiently search the vast configuration space which

is spanned by all possible molecular conformations for the global low

(free) energy regions which will be populated by a molecular system in

thermal equilibrium. The other basic problem is the derivation of a

sufficiently accurate interaction energy function or force field for the

molecular system of interest. It belongs to the art of computer simulation

to choose the unavoidable assumptions, approximations and simplifications

of the molecular model and computational procedure such that their

contributions to the overall inaccuracy are of comparable size, without

affecting significantly the property of interest.

Some practical applications of computer simulation in the field of

(bio)chemistry will be reviewed.
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THEORETICAL STUDY OF A CONFORMATIONAL CHANGE IN AN ENZYME

METHODOLOGY AND FIRST RESULTS ON CITRATE SYNTHASE

Jean Durup

Laboratoire de Physique Quantique (UA 505 du C.N.R.S.)

118, route de Narbonne, 31062 TOULOUSE CEDEX

Following the lines and using the codes developped in Harvard by M. Karplus

and his colLeagues, we introduced an alternative strategy for dvnamical calculations

on proteins at various time scales. It essentially consists of the following steos.

(i) We construct a set of internal vectors bv the principle of the binary tree,

adapted to the peculiar structure of each residue and to the secondary and tertiary

structures of the protein. The transformation from Cartesian coordinates, velocities

and energy gradients to the new set and vice versa needs purely tooolozical, cons-

tant matrices ; the kinetic energy remains diagonal and thus simple Newtonian dyna-

mics may be used.

(ii) From these internal vectors we generate a set of relative polar coordi-

nates and determine through a dynamical test the frecuencies associated with each

of these coordinates, which permits a classification of slow and fast modes.

(iii) We then compared a regular dynamics by the CHAP-M-M programs, usina a

I fs integration step, with a constrained dynamics using 10 fs steps after freezina

all modes of frequencies larger than 10-' s--. It appears that the main features of

the dynamics of the slower nodes are preserved, apart from phase shifts occurino

during the freezing process.

(iv Iteration or this procedure to laraer time scales is possie croyiclno

_iv0ra 03ed ,c rc usod for tle 3ydr.acn 'ondo. dno mcy thon h",p t btin sion -

ficant colecCLvc modes bc dia-onalization of the correlation matrix of slow mode

amplitudes.
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Design and Synthesis of a new bifunctional microprotein
by interactive modelling

D. Le Nguyen. A. Heitz. L. Chiche. D. Nalis and B. Castro
Centre CNRS-INSERM de Pharmaco-Endocrinologie
34094 Montpellier. France

A Fa'el, H. Mattras and M.A. Coletti-Previero
INSERM U58. rue de Navacelle.
34000 Montpellier, France

C. Gaboriau and J.P. Mornon
Laboratoire de Cristallographie. Universite Pierre et Marie Cur.e.
Place Jussieu. 75005 Paris. France

EETI II, a 28 residues, three disulfide bridges microprotein has been isolated from the
cucurbitacaea Ecballium elaterium. It behaves as a powerful trypsin inhibitor with a
dissociation constant of 101 2M- '. Its chemical synthesis has been achieved that
provided enough material to make a complete 2D 1H NMR study : then the 30 model
was built using the DISGEO method, giving the tertiary structure and the disulfide
bridges arrangement. The DISGEO structure was then optimized by Restrained
Molecular Dynamics. A radiocrystallographic study of the EETI II/ Trypsin complex
confirmed the NMR attributions. The synthesis of peptides bearing selected modifica-
tions at the reactive site has been successful. The new products show high inhibiting
power towards elastase or chymotrypsin, while their affinity towards trypsin vanished.
The topological analogy of EETI II to the known Carboxypeptidase A inhibitor from
potato suggested to build a chimeric molecule bearing two active sites against both
trypsin and carboxypeptidase A. A 32-peptide designed by interactive model building
was synthetized that could be proven to bind both enzymes.
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P07TENTIEL MAPS OF MTANE, WATR AND METHANOL IN SILICALITE

F. VIGNE-MAEDER

Institut de Recherches sur la Catalyse

2 aven'ie Albert Einstein

69626 VILLEURBANNE CEDEX

Silicalite is a form of pure crystalline silica that

represents the end member (Si/Aloe) of the high-silica ZSM-5

zeolites. It provides an example of a microporous adsorbent

without any adsorption sites of chemical nature, which adsorption

properties are only related to the channel structure.

The interaction energy of silicalite clusters with methane,

methanol and water has been calculated and optimized with respect

to the orientation for many positions inside the channels. The

calculations were performed in the atom-atom approximation with

parameters deduced from ab-initio studies of small systems. T.he

electrostatic terms are evaluated by using multicentered

multipole expansions, limited to charges and dipoles distributed

on all the atoms. For the silicalite crystal, the whole multipole

expansion was reconstructed from those of fragments, especially

dimers (HO)3SiOSi(OH)3 and monomers Si(OH)4, by superposition and

substraction of parts in excess. Concerning the silicalite

clusters, we selected a set of cylinders surrounding the

different parts of the channel network. All silica tetrahedra

located inside one of these cylinders were taken into account

and the free valences were saturated with hydrogen atoms. The

potential maps represent the distribution of the interaction

energy of one adsorbed molecule, averaged over different

orientations.

Approximate values of diffusion barriers are deduced from

the potential maps and the initial heats of adsorption are

evaluated by average over the positions and the orientations,

with the hypothesis of a Boltzman distribution.

Our values are qualitatively in accordance with the

experimental results. In particular the orders CH 4 < H2C < CH OH

for the heat of adsorption and CH4 > H20 > CH3 OH for the mobility

inside the crystal are well reproduced. The values of the initial

heat of adsorption (9.4 kcal/mol for CH4, 12.5 for H20,

16.7 for CH3OH) are too large by 2 kcal/mol. They are very

sensitive to the experimental geometry adopted for silicalite.
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Chemisorption on Transition Metal Surfaces and Heterogeneous
Catalysis: Back-of-the-Envelope Theoretical Modeling

Evgeny Shustorovich
Corporate Research Laboratories

Eastman Kodak Company, Rochester, N.Y. 14650-2001, U.S.A.

The lecture will concentrate on realistic calculations of reaction energy profiles on metal
surfaces, comprising heats of adsorbate chemisorption Q and activation barriers .'E* fcr
adsorbate transformations. The framework is the "ack-of-the-envelope" BOC-.vfP (bond-
order conservation Morse-potential) model providing the rigorous analytic formalism to
calculate the values of Q and aE* for diatomic admolecules (I). This formalism can be
applied to polyatomic molecules as well if their total bond energies in the gas-phase are
effectively partitiired into two-center contributions. The partitioning procedure resem-
bling the use of Pauling resonance structures will be described. As examples, the BOC-MP
projections concerning CO hydrogenation, C2 hydrocarbon transformations, and HCOOH
decomposition on transition metal surfaces will be discussed in detail, in particular the
preferred coordination modes of polyatomic adsorbates and the relative preference cf
various conceivable reaction pathways. We will demonstrate the basic consistency of the
BOC-MP results with experiment, especially when they are at variance with other the-
oretical approaches. It appears that the BOC-.IP modeling provides a practical means for
understanding and projecting surface reactivity.

(1) E. Shustorovich, Surf.Sci.Rept., 6(1966) 1-63; Acc.Chem.Res., 21(1988) 183-189.
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Theoretical models for intermolecular potentials

Anthony J. Stone

University Chemical Laboratory, Lensfield Road, Cambridge. England

It is now possible to carry out accurate ab initio calculations on molecular com-

plexes by a variety of techniques. The supermolecule approach is widely used, and is

capable of high absolute accuracy. but it is subject to Basis Set Superposition Error.

especially when electron correlation is taken into account, and this is a difficulty when

accurate calculations of small interaction energies are required. Perturbation theory

gives a more detailed description of the interaction than the supermolecule approach.

and consequently provides more physical insight into the nature of the interaction, but

it does not converge if the interaction is too strong. that is when the distance of ap-

proach is too short, although in practice the results are satisfactory to distances inside

the potential minimum. Both of these methods require calculations to be carried out

at a wide range of dimer geometries if a full description of the potential energy surface

is needed, and this is extremely timo-consuming.

A useful alternative approach is to isolate the components of the perturbation

expansion, namely the repulsion, the electrostatic interaction, the induction, the dis-

persion and the charge transfer terms, and to calculate each of them independently

by the most appropriate technique. Thus the electrostatic interaction can be calcu-

lated accurately from distributed multipole descriptions of the individual molecules,

while the induction and dispersion contributions may be derived from polarizabilities

of the individual molecules. This approach has the advantage that the properties of the

monomers have to be calculated only once, after which the interactions may be evalu-

ated easily and efficiently at as many dimer geometries as required. For this reason it is

posible to ,:arry out muc,'h more accurate caiculations than are possible if a complete

SCF calculation on the dimer has to be done at each dimer geometry.
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MODELING OF ORGANOMETALLIC REACTIVITY USING A COMBINATION
OF EXTENDED HUCKEL AND MOLECULAR GRAPHICS TECHNIQUES

Pierre-Yves Morgantlni, Peter Fluekiger and Jacques Weber
Laboratory of Computational Chemistry, University of Ganava,

30 quai Ernest Ansermet, 1211 Geneva 4, Switzerland

A new formalism has been developed in order to evaluate the intermolecular interaction
energy between an organometallic or inorganic substrate S and an incoming reactant R in
the framework of the extended Hickel (EH) method. Approximate procedures are used to
estimate electrostatic (Ees), charge transfer (Ect) and exchange repulsicn (Eex)
components, which leads .o short response times allowing to use the model on an
interactive graphics facility. In addition to the electrostatic potential of S. evaluated using
EH wavefunctions and the NDDO or the Mulliken approximations for the one-eectron
integrals, we are taking account of tht S-R orbital interactions which allow to estimate the
Ect component. Finally, the the short-range Eex exchange repulsion energy is
approximated using the hard spheres model for S-R interaction on the molecular surface
of S. The total S-R interaction energy is then used as a reactivity index and evaluated at
selected points belonging to the molecular envelope of S, a proton with an empty ls
orbital being chosen as the model electrophile, and an H- hydride ion with two Is
electrons as the model nucleophile.

Color-coded three-dimensional Connolly dot surfaces are used for the graphics
representation of the reactivity index of the substrates, together with special procedures
we have recently developed on the PS-390 in order to generate solid models clipped so as
to allow the simultaneous visualization of the structural skeleton. On the basis cf the
results obtained for a large series of organometallic reactions, this model is shown to
describe adequately the initial stage of electrophilic and nucleophilic addition or
substitution mechanisms. In particular, ferrocene and iron pentacarbonyl are correctly
predicted to undergo an electrophilic attack on metal, whereas for arene-M(CO)3 species
and their derivatives, the nucleophilic attack takes place as expected on the exo-face of
the linand ring. When applied to the modellizacion of organometalic reaction mechanisms,
the combination of simple quantum chemistry methods and molecular graphics
techniques seems therefore able to bring an interesting contribution towards a better
understanding of the processes of specific interactions between chemical species.
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GENMOL

A FAST PROGRAM FOR MOLECULAR MODELIZATION

AFPLICATION TO THE DETERMINATION OF THE ORIGIN
OF THE PSYCHOTONIC OR SEDATIVE ACTIVITY OF TRICYCLIC

ANTIDEPRESSANT DRUGS.

G6rard PEE

CNC -C:;RS Campus Luminy, case 9i3, -3238 ',Iasei'!e Cedex .

Conventional methods of molecular mechanics allow to
achieve the molecule geometry oy minimization of the total
strain energy, using partial derivatives of this energy cn
each atom.

- Such calculations are time consuming ( the number of
optimization cycles increases with the number of atoms ).

- The molecular geometry which is obtained to the closest
energy minimum of the starting point, without any
possibility to know whether this minimum is the deepest one

generally the conventional methods do not perform
conformatlcnal analysis ).

The aim of our program named GENMOL is above all to
generate the most stable conformations of a molecule. The
calculations are based on the concept of pivots which may be
bonds or not. A hierarchy of the deformations is defined (
torsion, bending and stretching ). The program links
optimized fragments of molecules coming from differents
libraries. Conformational analysis is performed during the
building of the molecule and the privileged conformations
are kept. GENMOL is automated for polypeptides and nucleic
acids ( RNA or DNA ).

GENMOL is one hundred times faster than equivalent
programs. Bending and stretching parameters are analoguous
to MM2 ( ALLINGER ) parameters. Torsional, van der WAALS,
hydrogen bond parameters are derived from ECEPP ( SCHERAGA
). The electrostatic energy is computed with net atomic
charges issued from DEL RE's method for the sigma part, and
with an emoirical aooroximation for the ?I cart in order to
get PARISER and PARR values.

When the molecule conformations of 19 antidepressant
tricyclic drugs are compared to those of the
neurotransmitter present in the corresponding synapses, it
turns out that two structurally different families exist for
serotonin receptors. The psychotonic of sedative effect are
related to the receptor family touched by the drug.

The calculations indicate that the serotonin receptors
touched by the sedative drugs are structurally similar to
histamine recep' ors, what means that they also affect the
histaminic central ner,,ous system and contribute to the
sedative effect.
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AN INTRODUCTION TO NUMERICAL OPTIMIZATION

Claude LEMARECHAL
INRIA - BP 105 - 78153 Le Chesnay

To solve an optimization problem is to find a set of variables,
satisfying some given constraints, and minimizing a given cost-function. We
consider only the so-called nonlinear orogramming problem, in which the
variables vary in R1, and there are finitely many constraints.

The solution (if there is one) is actually approximated, using on
algorithm which constructs an iterative sequence of trial solutions. The user
must provide a program which, for any given value of the variables, computes
the corresponding values of the cost and/or constraints (and also their
partial derivatives). From this point of view, optimization is fairly similar to
solution of systems of nonlinear equations.

We explain the main ideas that are used to define optimization
algorithms. They are best viewed in the unconstrained case, i.e. when the
variables are allowed to take any value in R n. In this framework, the simplest
problem is when the cost- fu'tctian is quadratic, say

f(x) = -;xAx + bTx + c.

Here, A is the matrix of second derivatives of f, which actually do not depend
on x. The problem then reduces to a linear system of equations: Ax + b = 0.

When f is not quadratic, its matrix of second derivatives varies with x.
To be efficient, an optimization algorithm must somehow estimate this matrix;
this gives a quadratic function, which can be used to approximate f. This is the
basis for Newton-like methods, conjugate gradient, etc... We demonstrate this
approach and we explain how it can be adapted in various situations, such as
when the problem is large-scale, or stiff, or when it originates from a least-
squares problem, etc...

Finally, we show how the above ideas can be extended to constrained
situations : first in the case of linear constraints (the feasible domain is a
polyhedron), and also in the general case when the constraints are nonlinear.
In the former case, th- sequence of iterates is usually feasible, while it can
hardly be so in the latter: it is only asymptotically that nonlinear constraints
are eventually satisfied.

. ..L" aI
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Conformational analysis of macrocyclic receptors

and of their substrate complexes.

From static to dynamic models.

G. WIPFF,
UA 422 du CNRS
Institut de Chimie
1, rue Blaise Pascal
67000 STRASBOURG (France)

Macrocyclic synthetic receptors and their complexes allow to test cur-

rent theoretical and computer graphics techniques, and to provide a deeper in-

sight into features which are essential for molecular recognition, but which

may not be easily amenable to experimental studies : conformational preferen-

ces of the free and complexed receptor, effects of solvent and environment on

structure, binding affinity and selectivity, macro(poly)cyclic effect, nature and

orientation of the binding sites, size of the concavity, etc....
We combine molecular mechanics, molecular dynamics and Monte

Carlo simulations, normal modes analysis, to adress the above questions on
prototype macrocyclic compounds : crown ethers, bicyclic and tricyclic cryp-

tands, cryptates and derivatives. From the collection of optimized structures, as

well as from the dynamics studies, we get dynamic views of these systems.

Their flexibility / rigidity is discussed as a function of conformation, connecti-

vity, and topology of the free / complexed state, and the "Receptor-Substrate"

complementarity.

From a technical point of view, several force field representations are

compared, and the crucial role of a high quality computer graphics system to

build 3D structures of "supermolecules", and to analyze static and dynamic re-

sults is emphasized.
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INTER.MOLECLLAR FORCES IN SOME IONIC ATMOSPHERIC CLUSTERS IN'OLVING WATER
QUANTLUM MECHANICAL AND .MONTE CARLO CALCLLAI'IONS

E. Kochanski ', A. Rahmouni ', R. WViest
ER n139 du CNRS, Laboratoires de Chimie Th6)rique et Quantique.

Universite Louis Pasteur, Institut de Chin.ic, BP 296 RS, 6"008 Strasbourg. Frlrce

Quantun mechanical nd uMonte Carlo calcujations hJ, C 2-,2 2C>: r 2f '- ...

~:;::>pier:o i,c d ers hxOiO ,a Cd C H:OL n = i to ') or o. Thc, ,c
StabilIzcd Y,' ar :.. ..:0.5. snecial attention ha.s reen pi. to '

description of the different energetic contributions.

In a first step. accurate quantum mechanical calculations (SCF and disners,n
energies) ha\e been performed for many georetrical configurations of bimolecular s.s'etrs
.1-...H.O Of- = H - ' Crd C, .- i!ov in the determination of parameters in order 0,

renresent the quantum mechanical results by analytical expressions. Such expressions are
used in Monte Carlo ca!culations, to compute the enery of any geometrv of the clusters.

In most Of the Monte Carlo calculations oresented in this work. t".e enerez, of the
clusters ts represented as a sum of the interaction energies between pairs of molecules. AnSitorn-aom' t 12- 1-(,) formula . with upproriate parameters, has been used to describe the
interaction between the ion and one water molecule. Different fittings of the ab initio
values are proposed, allowing to study the parameters effect on Monte Carlo results.

The interaction between two water molecules is taken from the work of
Mlatsuoka et all (ref. l).

Three-body contributions are also considered, this effect being very important in
some cases, in particular to describe the clustering energies of very small clusters.

Two geometries of HkO- are considered a planar and a slightly pyramidal one.

In the second step of the work, Monte Carlo calculations have been performed
with the different sets of parameters determined in step 1. Energetic and structural in-
formation is then obtained and analyzed. A special attention is paid to clustering energies,
which can be compared to experimental values, and to the distribution of the water
molecules around the ion. The statistical distribution of the water molecules and the
geometrical structure of the most stable configurations are considered

In a third step. we are checking the validity of the approximations by performing
ab initio calculations on some geometrical structures of special interest generated in the
course of Monte Carlo calculations. SCF calculations are now performed on the whole
clusters and not only on the bi or trimolecular systems. The nature of the filling of the first
solvation shell dcserxes a particular attention. Let us note that we are interested in
particular cases and not only in average values. Comparison with other parameters or ex-
pression:, proposed in the literature will also be done.

Part of this work has already been published recently (ref. 2).

(1) 0. Matsuoka. M. Yoshimine, E. Clementi, J. Chem. Phys.,1976, 64 .1351
S. Romano. E. Clementi, Gazz. Chim. ltal.,1978. 108 ,319

( 2) E. Kochanski, E. Constantin, J. Chem. Phys., 1987, 87 1661;
E. Kochanski, Now-. J. Chimie, 1984, 8 .6605: Chem. Phys. Letters, 1986, 130 .291.
J. Amer. Chem. Soc., 1985, 107 ,7869: Chem. Phys. Letters. 1987, 133 .143--
E. Kochanski., A. Rahmouni. J. Chim. Phys., on press
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Etude comparative des interactions intermoldculaires

au moyen de m~thodes pertubatives et variationnelles.

Application au dirn~re de l'eau.

O.Hess, J.Caillet, J.Langle t

Dyriamiau-,e des Interactions Mol~culaires

Universit-,- Pierre et Marie Curie

Ce travail concerne ia th~orie des interactions

intermol~culaires au niveau fondamentai, utiiisant des

m6thodes ab initio 61abor~es, aussi bien de type perturbatif

que v,,ariationne. a';ec utilisation de bases d'orbitales ato-

miques de taille tr~s importante.

Au niveau perturbatif,nous avons mis en evidence le r6le

important des contributions d'6change du second ordre (d'in-

duction et de dispersion) qui sont habituellement n~glig~es

dans les calcujls d'interact5.ons intermol~culaires. En parti-

culier, il faut donc 6galement tenir compte de la dispersion

d'6change lorsque l'on rajoute les contributions de

corr6lation intermol~culaire A 1'6nergie d'interaction.
Cependant la comparaison avec les calcuis de type

variationne. monitre que dans une approche purenent pertur-

bative les contributions d'ordre sup~rieur jouent tin r6le non

neqgiaeable, m4!r'e dans 'Les ~in d?, quilibre d,,, complexe.

trant la d~pendance des diff~rentes composantes dJe 1'4-nergie

d'interaction a-vec !a g6om6trie du dim~re (diff~rentes

orientations relatives).

De nouveaux potentiels semi-empiriques calibr~s A partir

de cette 6tude sont proposes.
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MODEL HAMILTONIAN AND PERIODIC HARTREE-FOCK
CALCULATIONS:
WATER MOLECULE Dq DIFFERENT SURROUNDLNGS

J. G. ANGY.AN and B. SILVI
Laboratoure de Spectrochim-e iolidcuiaire, 'ERA 502), Lniversite Pierre et Marie
Care, 4, P!,ce .Jsszeu. 75230 PARIS Cedez, (France)

ABSTRACT

Several approaches can be used to describe the water molecule in dif-
ferent physical and chemical environments. On the one hand is the peri-
odic Hartree-Fock method [i which applies to crystal phase cases such as
proton-ordered ice and LiOH.H 2 0 providing ab initio reference wavefunc-
tions. On the other hand are model (or effective) hamiltonian methods in
which the surrounding is represented by an effective potential. The self-
consistent Madelung potential (SCMP) method '21 uses a specific form of
the effective potential, involving lattice sums, adapted to ordered systems.
Introduction of a general form of the atom-atom pair distribution function
allows to extend this latter model to disordered situations such as pure
molecular liquids. A series of calculations of the water molecule in different
environments has been performed. Charge distributions (atomic multipoles
and electron density maps) computed by the two methods are compared and
analyzed.

REFERENCES

[1] C. PISANI, R. DOVESI and C. ROETTI, Lecture notes in Chemistry, 48,
(1988)

'21 J.G. kNGYAN and B. SILVI, J. Chem. Phys., 86, 6957 (1987)
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STATISTICAL MECHANICS APPRCACH IN MCDELING OLECULAQ !TRUCTURES

AND CONFORMATION -DEPE-DENT PROPERTIES

R. Scoroamaglia, L. Barino

Himont Italia, Centro Ricerche Ncvara, Via Caduti deel Lavoro,

28100 NOVARA (Italy)

ABSTRACT

An averaged picture of the conformational possibiLit ies of a

molecule while approaching its own interactive site Can be

calculated through the statisticaL analysis of all the acceptaole

molecilar conformations.

The CSD (Conformations Statistical Distribution) method is

presented which calculates the whole rotational hypersurface of a

molecule having n internal rctationat degrees of freedom, through

the calculation of the nonbonced intramolecular energy

(Lennard-Jones term plus coulombic interaction between nonbonded

atoms) for each point of a n-dimensional homogeneous grid in the

surface, and then applies Bottzmannis statistical mechanics to all

the allowed conformationat microstates thus obtaining ' the

statistical weights of the various minima in which the molecule can

be found, the partition function, entropy and thermodynamic

potentials both in the hypersurface and around the detected

minima.

Some examples shcw the use of the calculated distribution functions

in the determination of some weighted conformation-depenoent

molecular properties such as internal rotational freeoom, molecular

shape, total dipole moment and other steric ana electronic

features. These cuantities appear suited molecular descriptors in

many theoretical studies such as prediction of most probable 3-0

structure in isolated molecu lesstructure-activity and

structure-functicn reLaticnships, modeling of molecular

interactions with a solid surface, evaluation of intramolecular

physical properties affecting packing between molecules and its

modifications with temperature. In particular for representative

models of flexible chain molecules the effects linked to the

transformation o f thermal energy absorbed by a compound into

internit rotatiorat energy can be analyzed pointing out chain

conformational transitions versus temperature.These are correlated

to phase transitions in the corresponding polymeric materials.
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ASPECTS DE LA DYNA)4IQIJE DES IONS EN SOLUTION~ PAR

SPECTRSCOPIE IR LOINTAIN

B. GUILLOT Ph. MARTF.AU et J. OBRIOT

Laboratoire de Physique Theorique des Liquides,
Universit6 Pierre et Marie Curie,
4 Place Jussieu, Paris 75005.

Laboratoire des Interactions Mol~culaires et des Hautes Pressions,
CNRS Universit6 Paris-Nord, Avenue J.B Clement.

Villetaneuse 93430.

Les spectres infrarouge lointain des haloge-nures alcalins

Lidl, LiI, Hal, CsI et RbI en solution dans 1lacetonitrile, l'acetone et

le methanol ant 4t enregistrds dans le domaine spectral 30-600cm Ces

spectres pr~sentenit une forme de bande complexe caractdrisee, en

general, par plusieurs maxima d'absorption (ex. pour Li~ICH 3OH trois

maxima A 85, 235, 460 cm- ).

Une analyse tki~orique permet d'exprimer la densite

spectrale A I'aide (i) de la fonction de correlation du champ

polarisant, emanant de la charge ionique, lorsque les ions soot

dissoci~s, (ii) de la fonction de correlation des moments dipolaires des

agregats ioniques non dissoci~s et (iii) d'une fonction de relaxation

structurale caract6risant le rearrangement des molecules de solvant

autour de l'ion. La fonction de corr~Iation du cnamp polarisant est

ensuite r~duite 4 une expression plus manipulable en postulant que le

mouvement relatif des ions par rapport aux mol~cules de solvant eat

caracterise, aux temps courts, par une oscillation dans la cage des

premiers voisins et aux temps longs, par un mouvement de diffusion

translationnel L'application de la theorie de Zwanzig-Mori A la

foniction de correlation du champ polarisant ainsi quAi celle des ions

non dissoci~s permet de rendre compte quanititativement des spectres IRL

des ions en solution. En particulier, en utilisant le concept de

potent jol de force moyenne, il est possible d'attribuer aux maxima

d'absorption les fr~quences de vibration des anions et des cations dans

leur cage respective, d'une part, et celles des paires d'ions en contact

ou separes par une mol~cule de solvant, d'autre part.- Ce dernier

m~canisme est d~crit comme le r~sultat d'un &change lent entre deux

etats 6nerg~tiques separes par une barri~re de potentiel de quelques kr
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Determination of nucleic acid conformations
byL vibrational spectroacopV accompanied with

harmonic dyKnamics calculations

M. Chomi, R. Letellier. D. Dohy 9 E. Taillandier

Laborat:'ire deSpec(:trosc opie imcuculir
U. F. R. Biom~dic_-ale de Bo:bigny, Urniversit-4 P;.r4 :isIT
74,* rue Marcel tC'achin * 93012 Bobigrny cede-x . France

It is now well known that the vibrational sp:ectrc'scopy :,an~b
c.':nsidJered as a po:werful probe to id-nt if y the sec:ondary stru.:tu.re ol
o'ligo- and polynicleotides. In add it ion of the prmna pcr
interpretation, the normal coordin~ate analysis allo-ws 'US to) 'jive a
quantitative evaluiation of nuc(lt-il: acid structural paramleters.

In ou)tr pr-viojus st tde, w have car:ried oDu t a sys t-1a tir
investigatio:n on [DNA vibration'r mod-s (1) . The Wilso'ri' S F method has be
app'lied onm the dynamic modlels (_:.nstitut,ed by rkuCleobsidic residue:s. In
this approach, a no:n-n:-durdanit valence force fie-ld has bee-n employed1.
Recently, these calculations have be en e-xtended in orde r to study the 2'-
deoxyr ib<Ose mde as a funiction of the puicker pse udorotati'ia 1 parameters
(2).

By the use of this reliable . force field through the Higgs miethod.
(inf inite polymeric helical chain phonon dispersion curves) I we have also
pe-rformed a critical disc-ussion on the conformations adopted by poly

d') . poly WC) in solutioin at. various salt c':ncentration-r (3).

The present work is c~oncerned with the quantitative evaluation
o f t he sugar c-:nformation (P angle) , as well as the purine base
o-rierntation )C~ anigle) . The discussion will be carried out on the iiannerf
how the (P, X. ouiple of strutural parameters can be de:termined in both
9L and B3 deoxynuicleosides by the uise of the vibrational marke-rs.

REFERENCES

1- 14. Ghomi, R. Ltlir& E. Taillandier
Biopc'lyinE-rs. 27. 605 (1968)

2- D. Do-.hy, M. c3,homi & E. Taillandie-r
3. Biomol. Struc:t.. Dyn. 6. 741 (1989)

3- S. Adiam. R. Letellie r, M. Chomi. M. Muniz-Miranda
and E. Taillanidie r
(submitted) (1989)
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FORCE FIELD CALCULATIONS OF SIDEROPHORES.
STABILITY AND CONFORMATIONS OF Fe.I CHELATES WITH NOVEL IRON

RELATED PARAMETERS.

ABouraoui a, M.Fcthailan . FMhenni, .B.Blaive ana R.Ga~io 0 .

,, SiPC, A126 CNRS-czbte des Scences St-J~rme 13397 ,,,e;e :e ex
:FP,.ANCE

Co- ,~ult des Sciences et Techniques, :ep-artement de Chirie, Roule de
Kairouan 5000 Monastir (TUNISIE)

Iron is essential in human where an excess is toxic, and in plants where a lack of

The element causes ferric crlcrosis.

Iron carriers (siderophores) are appropriate organic ligands acle to complex and

transport FeIII for establishing an appropriate concentration level of the element. We have

therefore undertaken the design and synthesis of new efficient iron chelatants.

The new ligands contain carboxy and catechol substructures arranged in order

that six oxygen atoms are located at the top of an octahedral structure. The use of a

"molecular model" approach, for the choice of the organic framework of the ligand,

c ing an oversimpiification, we have made a detailed force field calculation ana!vss with

the Molecular Mechanics program BLEMO using the 1985 parametrization of the ALLINGER

MM2. These calculations have needed the design and testing of new parameters, nct vet

available, for describing the interactions with iron.

The study of the iron complexes as a function of the lignnd size and of the nature

of the possible isomers shows what are the most stable structures, and helps in tailoring

other ligands. The syntheses of these new siderophores are in the course.
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Handling the structural information arising from
molecular modeling for drug activity predictions:

the SARAH system.

Roger Rozot. Jean-Louis Rivail and Herve Mathis
Laboratoire de Chimie theorique. UA au CNRS n'510

Universite de Nancy 1. Domaine scientifique Victor-Grignard.

BP 239. 54506 Vandreu're 16s N lancy Cedex France

The computer is a versatile tool. In particular it can perform either numerical compu-
tations or logical operations leading to a branch of Artificial Intelligence. In the case of
molecules like drugs acting in complex processes, both of these capabilities may be
used to set up a computer assisted drug design system. The molecular properties :
geometry, conformational energies and also electronic properties can be computed by
means of molecular mechanics and quantum chemistry. but handling this very rich
information efficiently requires special procedures which may mimick the chemist's
reasoning with the advantages of getting rid of subjectivity and performing systematic
and lenghthy comparisons without the risks of human fatigue.

The SARAH system (Structure-Activity Relationships by Apprenticeship and
Heuristics) rests upon the Key-Lock model : the substrate has to fit the receptor's site,
in particular through a special molecular pattern and a shape adapted to the
receptor's geometry. It also has to exhibit the proper electronic properties to make the
substrate-receptor complex as active as possible.

The procedure is decomposed into three steps :

1. A characteristic pattern of heteroatoms is defined by superimposition of the active
molecular skeletons to evidence the recurrent atoms.

2. Rules of activity are determined by systematically checking the correlations
between the variations of shape or electronic properties around the characteristic
pattern and the variations of activity relative to a reference molecule.

3. A multivariate statistical analysis is performed on the electronic properties of
active molecules to extract a quantitative criterion for the activity of a new

molecule.

The system is evolutive : when a new molecule has been tested, it can enter the
training set and refined criteria are produced.

The possibilities of the system are illustrated by the analysis of the antiepileptic
properties of a series of benzodiazepines.
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RELATION ENTRE CONSTANTES DE FORCE ET CONSTANTES
ELASTIQUES DANS DIVERSTMIATERIAUX

E. Husson, Y. Repelin et D. Weigel
Laboratoire de Chimie Physique du Solide URA D0969
Ecole Centrale Paris 92295 Chatenay-Nialabry Cedex

Le but de ce travail est de relier l'dlasticit microscopique (celle des liaisons) et
i'6lasticitd macroscopique. Une mdthode de caicui matriciel des dl~ments Cii du zernseur
d'6lasticit6 A partir des constantes de force a dt d~veloppde par Shimanouchi en 1971.
reposant sur la relation g&n~rale de Born et Huang.

Nous avons 6crit un programme de calcul, A partir de cette thdorie. permettant de
calculer les 616ments Cii A par-tir du champ de force d'un cristal. Ce calcul donne
6cgalement les d~riv~es partielles des constantes 61astiques par rapport aux constantes de
force, c'est- -dire la contribution de chaque type de liaison et de chaque type d'angle
dans la valeur de la constante 6lastique.

Nous avons 6tudi6 des matdriaux tr~s divers dont les constantes 61astiques ;ont
connues et les r~sultats ont montrd que:
I') les champs de valence utilisds sont tout A fait valables pour calculer avec une bon-ne
approximation les constantes dlastiques et les frdquences de vibration.
20) la contribution relative de chaque liaison et angle permet de mettre en &vidence les
param~tres qui influencent le plus le comportement 61astique des materiaux :

a) les rdsultats obtenus pour le diamant, le graphite et le poly~thyl~ne, montrent que
les Ci sont tr~s sensibles A la dimensionaljtd du r~seau covalent.

b) les rdsultats compards du quartz alpha et de l'alumine alpha mnontrent I'influence
de la coordinence des atomes.

c) les r~sultats obtenus pour BaTiO 3 montrern l'influence de lForientation des
liaisons par rapport aux axes du cristal. Lorsque les liaisons sont parallkles aux axes du
cristal, les constantes 61astiques dependent pratiquement exciusivement de celles-ci. du
moins en ce qui concerne la compressibilit6.
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POLYMORPHISM AND MOLECULAR DISPLACEMENTS IN ORGANIC SOLID STATE.

CLAUDE DECORET, JEAN ROYER

LABORATOIRE DE CHIMIE INDUSTRIELLE, UAS05 DU C.N.R.S.,

BAT 305, UNIVERSITE CLAUDE BERNARD, 43 BOULEVARD DU ii NGVEMBRE 1913, 69622

VILLEURBANNE CEDEX, FRANCE

Organic molecules often display several crystalline varieties. The relative

stability of such arrangements und their mutual transformation have been
the object of numerous static and dynamic models. Almost all studies are
based on atom-atom potential methods. Lattice and molecular dynamic methods
have been applied to plastic phase and to the correspond-ng ordered-
disordered transition of small molecules or rigid molecules, such as
benzene or naphthalene. Relative stability calculations have been often
carried out for testing the efficiencies of atom-atom potential methods.
Differencies, often of the order of few Kcal/mole, are generally well
reproduced, even if absolute values depend of the choice of parameters.

Concerning the transition between phases, it is to be said that experimen-
tal studies show a great variety of parameter dependancy, feeding contro-
versies. Single crystal-single crystal second order transformations

sometimes are claimed to not exist. Nevertheless, such transformations
would be of interest from both theoretical and experimental physic point of
view, since they are conceived as cooperative displacements of molecules.

Studies of relative stabilities and mutual transformaations of phases are
of special interest for ph. -maceutical and industries of explosives.
Polymorphism is a very usefull support for modelizing molecular motion in
space. Modelization of phase transition of para-dichloro benzene and
diacetamide were investigated in our laboratory and the entire transition
path will serve as typical examples.
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NONARCHI'iEDEN '-IODELIG F-CR 5B C1S 14 7 O ( V AOVUES~

0. 1ord ache' a~d 9 T. Franoocoi

c -oni n5 s-- e 7-, -ca r i -t ? ~e, :1 a 4!,er -
1, Poljzu Street, R-73126 Sucnarest i2, Romnria

-institute of ?hvsics ard Nuclear Engineerina, D..3.ox 0,

R-76900 4agurel -Bjc hares t, Romania

the nonarchimedean (n.a.) analysis .4as used to descrite re xali.l orccesats
n drug--mentrane interactio)ns, sefi-excitation of interfaces, the balance 0F
entrooy in biosystems which exhibit more than one time scale in their evolution

11-53 . --~e -etnod relies uron the rceentof th-e real tile t a~d t'c-

lution variable y(t) by elements of an n.a. field [1,6,71

+ t and V') t) + oY,(t) 4-_... 't

respectively, ..iere - is an exoansion oarameter and ym (t) are the comoonents of
Y(T) corresponding to t'le '41 time scales. The inodel eqs. are then reola3ced )v

their n.a. corresoondents to the result of an enricned mathematical structure of
the evolution variable. Particularly, it is shown that the formalism can eas"If
accommodate nonexponential relaxations in multi-comnoartlentall systems (e.g. the
action potential of frog sciatic nerve in the presence of anesthetics [21, cross-
inkinq aldehydes [31) and various regimes of cheically driven interfacial tur-

tujlence in the presence of unspecific drugs [41. This new procedure col ied to
_-e oroblam of t~-e variation of the enthroy oro ducti on leajs to a ,i rarcly -f

enthrooy balances and of stat)ility criteria, w-hich can be useful in descritino
e !1ryogenes is, nerve exci tati on and other coooerative and far frCm ec 1i riu
phenomena. 'he existence of -nore than one timle scale checked by the n.a. anal,,-
sis suggests that the excitation or inhibition of some scale of time could be

eventually used for controlling the whole process.
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CLASSIFICATION DE MOLECULES CHIMIQUES :PRESENTATION D'*UNE MAQ(JE?1E
D'UN SYSTEME EXPERT

Marc GINGOLD
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SYS=D OC"-A : DESCITE 3D PMLET

E Dfl~N=, J-P DCU=- et J-E DUWIS
Institut de Tcoloie, et de Dvnamiaue des Svstkces
Assci au C'NRS - LA 34 Universit-6 PARIS VII
I. rue Guy de la 3rcsse 75005 P F.IS

La reconnaissance en 3D de, fragments stnhcturaux rC-els
cu standard, ou de fonres 61ectroni-gues (Orbitales Yoldculaizes
Potential El16ctrcstatique...) est A !a base de nonbrauses
strat~gies de simuation rol.4cUaire : iterrcgaticn
structur-ale, siimiatizn snectr-ale, recherche de phanracopbhore
et Drug Design.

Nous dxL ons actuellanent un systkr de' description
des structures =rl~cjja2..res qui repose sur urne sr~cification
qualitative des positiocns relatives des atames. Air-si :olut~t
que de ccmarar les coordonndes cart~siennes de deux points A
et B, on pr~cise que B est par exerm1e situe au dessu~s et a
droite de, A. Pour cela, nous utilisons les concects d' octant et
de graphe chimique :on value u= arc i-j non plus par la
distance inrteratanique rrais car le, numero, de 1 'octant local-se
sur i et contenant j. Associd A une descripticn en chanins des
graphes c-himiques, ce, svstrr dit "CCTADG" founzit un
descripteur de fonre 3D gui optimiuse les mninpulations
ifomtIques et peonet la reconnaissance structuraie sur de

vdritables crit~res de gdardtrie tridin-nionnel1le.

ILe syst-n 'CC*G est actuellensnt irrTldmentL6 da-ns le
cadre du Drug Design. Ttutefois cette apprcc-he novatzice,
fondde sur une perception de I' envixcnnmnt local des atoi-es
dolt of frir des resssources inr~rtantes dans le traitement de
tous les probl~res relevant de 1' identification et de la
gestion de 1' info~rtion structurale, tridimensionnelle.

LJ
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DESIGN OF NEW EFFICIENT RADICAL CLOCKS WITH THE HELP OF

MOLECULAR MECHANICS

J,-M. MNA'TALIA, M. FATHALLAH, A. SAIMAT, B. BLAIVE

Facult des Sciences de St Jdr6ne. U.A. 126 CNRS. 13397 Marseille Cdex I3.

'Radical clocks1 " names molecules able to trap by intramolecular cyclization a radical

generated in an adequate position. We have synthesized these last years2 )-norbornenes whicih are

very efficient cc-sulfonyl radical traps, i.e. with high rates of intramolecular addition of the radical on

the double bond kcycl= 2. 108s"1 and 109 s-lat 80'C for land 1 respectively). X-ray an .'l,i, nas

shown that the 5-(exo)-phenyl substituent decreases the C4 C5 S angle and consequently the minimal

distance available between the reactive sites (2.50.- (C6 H5 )vs 2.70A(CN)). It seems that the rate of

cvclization is correlated to this minimal distance.

R
7 R'

7

CHa 5 4 3
SO Ck'CH 3)2  SO 2 -

CH 3  8 8 CH 3

I:R=CN A 9

2: R = C6H5  X = SO 2 , C-O, CH 2
R'= H. Et
R'= R

° 
= H, Me, Pr, -(CH 2)n- n:2,4,5

In order to design new radical clocks with greatest efficiency, we performed molecular

mechanic calculations on a series of molecules related to the norbornene one (A , B and few others)

and studied the influence of the substitution on the distance between the reactive sites. We used the

program BLEMO in the version including the MM2 parametrisation3 . Calculations wxere not

performed on the radicals but on the parent compounds and the minimum distance (d3 -9 ) %as

evaluated, after minimization ot the energy, by locking the C 3 , C5, X8 and C9 atoms in the same

plane.

Data show the importance of the values of the C3 C4 C5 and C 4C 5X8 angles on d3 -9 : a

weak tightening leads to an important decrease of the distance. For this purpose, substitution on C5

and C7 (A) and dimethanonaphtalene ( L) are the most efficient. This kind of study involving a

high precision about the calculated structures is pcrfectly ensured by tho molecular mechanics.

References:

(1) D. Griller, K.U. Ingold Acc. Chem. Res. 1980, 13, 317. (2) B. Vacher, A. Samat, M. Chanon

Tetrahedron Lett. 1985, 2a, 5129 and Tetrahedron 1988, .4. 2925. (3) N.L. Allinger, Y.H. Yuth

QCPE, 1980, 395.
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Reconnaisance tridimensionnelle de pharmacophores.
Application de la m~thode A la comparaison morphine-enikephaline.

L. Moy et C. Riche.
Laboratoire de Cristallographie, I.C.S.N au C.N.R.S de Gifl/Yvette, 91190.

Par le biais d'une technique informatique, une m~thode de reconnaissance t-idimensionnelle a
6td d~velopp-6e et appliqude A des composes de m~me activit6 pour lesquels la topologie du r~cepteur
na paz, 6E lucidde.

Essentieflement bas6e sur des crit~res g6omdtriques, la rn~thode utilise une nouvelle d~fmition
de la moldcule et de ses groupements fonctionnels afin de prendre en compte les possibles
interactions avec le r~cepteur. Deux types de centres d'interaction (centres actifs) permettent de
coder chaque mokdcuie :

- les atomes eux-m~mes qui sont utilis~s dans la plupart des comparaisons.
- les centres actifs compl~mentaires localisds sur le rdcepteur (paire 6lectronique d'un
hdtdroatome, centre et direction d'un ph~nyle).

En considdrant tine mol~cule rigide et son analogue flexible actif, le principe de la mdthode
consiste A comparer deux ensembles de centres actifs, tin ensemble 6tant fixd (moldcule rigide),
lautre dtant renouveld pour chaque conformation de lanalogue flexible. Afin d'dliminer le probl~me
de lorigine des coordonndes, Ie produit datitoconvoltition permet de transformer deux centres
actifs A et B d'origine 0 en un vecteur AB caractdrisd par une norme et tine direction. D'une faqon
g~ndrale, k un ensemble de N centres actifs est associ6 tine liste de N. (N- 1)/2 vecteurs, renouvel~e
pour chaque nouvelle conformation de lanalogue flexible. Les diff~rents vecteurs sont alors testds
deux k deux aui niveau de leur produit scalaire (distance entre centres actifs) et de leur produit
vectoriel (orientation des centres actifs dans l'espace).

L'introduction d'un crit~re 6nerg~tique bas6 sur les interactions entre atomes non lids ainsi que
le balayage de l'espace par la technique des nombres magiques (ddriv~e des m~thodes directes en
cristallographie) permettent de r~duire considdrablement le nombre de solutions proposdes par le
programme. L'originalit6 du logiciel PPSP3 rdside dans le fait qu'il autorise la superposition d'un
nombre illimitd die centres actifs.

L'application de la m~thode A la comparaison morphine - Leti enkdphaline fait clairement
ressortir deux hypotheses de pharmacophores. L'analyse conformationnelle du pentapeptide. bas&e
sur des crit~res dnergdtiques et les corrdlations avec sa structure cristalline (Pr. Mlarot, Nancy.
1988) permettent die comparer les deux solutions. Les valeurs obtenues indiquent ainsi que !a
superposition g~ndralement adoptde lots des relations str-ucture-activitd de ces deux composds est
tr~s peti probable. A partir die ces rdsultats, les principes 6tablis dut mode d'action des enkdphalines
au niveau dti r6cepteur morphinique pourraient se trotiver considdrablement modifids
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Conformation de moIdcules dans les membranes:
RMN d'enk~iphalines et du c cloart6nol

A. Milona), T. Higashijimab), T. Miyazawab), J.P. KintzingerC), Y. Nakatania), et
G. Qurissona)
a) UA 31, CNRS, Centre de Neurochimie, 67084, Strasbourg
b) Dept. Biophys. Biochem., Fac. of science, Univ. of Tokyo, Japon
c) Laboratoire de RMN, CNRS, 4 rue Blaise Pascal, 67008, Strasbourg

Nous pr6sentons deux applications de la RMN A 1'6tude conforma-
tionelle de moldcules interagissant avec des bicouches lipidiques.

Le cycloartenol est un prdcurseur biosynth~tique des phyto-
st~rols. De nombreux r~sultats in vitro et in vivo montrent que ce st6rol a
des propri6t6s membranaires indentiques b celles du cholest6roJ: c'est un
bon renforgateur membranaire, contrairement au Ianostdrol. En vue
d'expliquer ces r6sultats Il convient de d~terminer les conformations de ces
composes dans les membranes. Alors que le cholest6rol a un squelette
t6tracyclique rigide, nous avons d~montrd par RMN et m~canique mol~culaire
que le cycloart~nol est une molecule flexible au niveau du cycle C. Apr~s
attribution complete des spectres 1 H et 130, des experiences de COSY phas~e
A deux tempdratures ont montrd 1existence d'un dquilibre conformationel en
solution (1). Les r6sultats de RMN, en accord avec la mod6lisation, montrent
que la conformation d~termindek [ l6tat solide (cristallographie) nWest pas la
seule existante.

Les enkephaline3 sont de petits neuropeptides hydrosolubles en
dchange rapide avec les membranes, pour lesquels la technique du NOE
transf6rd en prdsence de lipides perdeut~rids a 6t6 appliqu~e avec succ~s.
Nous avons d~termin6 les conformations membranaires de trois analogues
actifs et cello de un analogue inactif d'enk6phalines (Tyr-LAla-Gy-Phe-Leu).

Les trois analogues actifs ont la m~me conformation membranaire
constitu~e d'un P-turn de type 11' autour des quatre derniers r6sidus.
L'analogue inactif a une conformation diff~rente elle aussi entibrement
caract~risde et qui permet de comprendre son inactivit6. Ceci met en
evidence une corr6lation entre activit6 et conformation membranaire. Ces
r~sultats sont confront~s aux r~sultats obtenus par dynamique mol~culaire et
par m~canique moldculaire (logiciel SYBYL, TRIPOS ass.).

(1) A. Milon, Y. Nakatani, J.P. Kintzinger, et G. Ourisson, Helv. Chim. Acta, 72,
1-13 (1989).
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Etude thdorique de la structure du compiexe

Giutathion - Eau oxygdn4e

J.Berg~s , JCaillet

Dynamique des Interactions Mol~culaires

Universi+-- Pierre et Marie Curie

Z.Abedinzadeh ,M.Gard~s

Laboratoire de Chirnie Physique

Universit6 Ren6 Descartes

Le glutathion, en tant que r~ducteur intracellulaire,

joue un rt~le important de protection de la cellule contre

diff6rents agents toxiques t' 1s que certains radicaux libres,

des oxygenes r~actifs (en particulier ceux des peroxydes et

plus pr~cis~ment du peroxyde d'hydrog~ne) et des composes

d'origine endog~ne ou exog~ne. Il est connu que !a r6action

d'oxydati4on du glutathion par 1!eau oxyg~n6e est catalys~e,

in vivo, par une enzyme, la glutathion peroxydase. I'l a4t

montr6 r~cemment (A.Abedinzadeh et al. Can. J. Chem. (1989)

sous presse) que m~me en l'absence d'enzyme Le giutathion

r6agit rapidement avec l'eau oxygen6e pour donner un complexe

peroxyde. La stabilit6 d'un tel complexe est li~e a la for-

mation de liaisons hydrog, _ne entre le glutathion et l'eau

oxyg~n~e (hypoth~ses 6mises par les auteurs pr&cdents).

Nous avo(.ns donc: : rrepris -,n e z.. h eorique, sur la

structure de cs complexe per:.yd6, 4 I',&tat isoli- ou en

pr~sence de mol6cules d'eau, apr~s avoir effectu6 une analyse

conformationnelle du glutathion dans ses diff~rentes formes,

neutre et ioniques. Les calculs ont 6t6 faits par la m~thode

SIBFA qui permet d'obtenir simultan~ment les variations

d'6nergies intra et intermol~culaires ai partir de formules

semi-empiriques ajusta-es sur des calculs ab initio.
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Etude Th~ori.que du Tr-ansfert de Proton Intramol~culaire

dans la Glvcine

j. LangJlet, j. Caillet, E. Evieth, et E.Kassab

Jnrer~:e ?erre et Mar-e Curie

N'ous or4esenvtons dans ce t-ravall las nrarmuars r~sultats de zazuls

ab -,: zcaeur- de :as~ de prorton .nramolc,.;a:-re d-ans la

CC auss: z-ien pou.r la no'-cule -so'L-e que pour L a noLI ec ule

so I-atie oar :seurs -nc. ecules d'eau. Dans le cas dca* a no 16,cul e

esLe, ea calcul a,. :n~t~o, au -uvea 6-2LG*, montre cue ld 'orme

naiuztra es: p.-us s-able cue la formea zw-tter~onique (de lordre de 25

Kcal/rno>-, at cue Las m-nima aui Leur correspondent sur La surface de

-ransfert son-- oaa~ ar U "Ie :rs falble barri-tre ~o *--

d!:nflexion).

Nos Icc: ca- dams 'a n-,ima base mcn"remt or" s ua nyraato

:ar -eu-x rc-uc'le dau, La forme neutra- as: lu~'r a osstable

Mals qUe -ar nerzetrque artre Las jeux f orres dirninue. at passe

de 25 A 15 KcaL./mol

finf luence de 'a base a A- - 6galement examin~e, et notamnment

efe de fonctio)ns diffuses et de polarisation sur !a stabil,.t4 des

deux formes neutre at zwitterionique de la rnolo-cule, c-ette dernilre

s', tant ~~~ tr, s sensible au type de La base utilis !e.
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ENVIRONMENT EFFECT ON THE DOUBLE PROTON TRANSFER IN CARBOXYLIC ACID

DIMERS

H. Chojnacki, . . Pvka, ',.A. Snk a, ski
" s -_ it te- I). ' ,, £c anij Phv s c--- C ,=, sfr-v, I

Sy. ypns7iego 30-3 a

'h :r,,":' .:', m~t '- r~ pree:.s in Rr,:.,h ds is orne o: -he

nr:'" Sro - nr r - (DPT) wit!.fl tn e

I.omo iec?, i " 
t  

n is .SS1im( 1o 1 n sio s ibe , r so me

c olo i a , n ,r . o -n - v re- su ts are stil

-.ilaihie roe s y-ec,-e sys-ems.

Quantum chemical stucies of rautomeric equilibria in isolated

-boxv' I i c ic id -m.rs point out on apparent di screpancv between theory

an! experiment. Tn the case of henzoic acid dimer the calcuIlated

i-t n ener :- br- 7 ' s estimated -t 2 t KI -/mcle (or more) [1:

wnereas its experimental value was found to op of tne order of 1-2

Kr ia/[!mole [2-3].

'n this situation some reasons of the above-mentioned divergence

must be taken into account. One of them is tho crvstal field in the

solid state which in the ordered lattice reduces the barrier height by

ca. 15 % [4]. According to our earlier quantum chemical calculations

[5] it is concluded that the optimal field for the proton

rearrangement may be realized in unordered crystal phases. The optimal
ttomeric forms for the molecules around the central dimer have been

e,,icted by ext'r,;s s : ng the environmental etfects in terms of

intermolecular interactions within the electrostatic approximation [6].

oome other sources of the observed discrepancy between experiment

rd relevant * nul- ih-mica. calc'ilat ions )r" ne protcn transter are

! is sel herein [5 ,

. S.Hayashi, J. Imemura. S.Kato, K.1orokuma,J rhas.Chem.,8,1330(1984).
2. B.H. leier, F. Graf, R.R. Ernst, .Cnem. Phys . .76 767(1962).
3. S. Nagaoka, T. Terao, F. Imashiro, A. Saika,N. Hirota,

S. Havashi, J.Chem.Phys.,79,4694(1963).
4. R. Nakamura, S. Hayashi, .J. .ol.Struct. ,14 ,- '('986,_

5. H. Choinacki, J. Lipifski, (%.A. Sokalski n t J. Qu antum
Chem. , 19,339(1981).

6. W.k. Sokalski, j. ol.CataiNsis,35, 39511 ) 5 .
7. H. Chojnacki, Z. Laskowski. J.Biol. Strucf . vn.. 751( ',83)
3. H. ChojnacKi, unpubiished results.
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EFFETS STRUCTURELS ET 0E CHARGE SUIR LE PHTHALOCYANINE DIME

Francisco Torrens, Enrique Sinchez-P6rez et Jos6 Sinchez-Marin

Departament de Quimica-Fisica, Facultat de Quimica, Universitat
de Valincia. Dr. Moliner-50, 46100-Burjassot, Val4ncia, Spain

L'agragation est un ph~nom~ne bien connu dans la chimie de
la phthalocyanine. Des interactions peuvent avoir lieu entre
anneaux de phthalocyanine adjacents autant en phase organique
comme aqueuse. Ces associations rasultent en l'accouplement de
deux, ou plus, unitas de phthalocyanine.

Un 4tude th~orique de 1 interaction intermol~culaire entre
deux mol~cules de phthalocyanine a 6t riialisii en emploiyant un
potentiel de paires atome-atome propose& par S. Fraga [S. Fraga,
J. Comput. Chein., 3 (1982) 329; S. Fraga, Comput. Phys.
Commun. 29 (1983) 3511. Plusieurs giom~tries de preuve sont
optimis~es avec un m~thode de m~trique variable.

Quelgues calculs pr~liminaires montrent une structure
face-i-face comma la conformation la plus stable pour le dimire.
Dans cat arrangement, une molacule peut atra tournee dans le plan
par rapport i l'autre.

C'est bien connu qua, en phase solide, una petite d~viation
des positions mol~culaires relatives dans l'arrangement du
cristal cause las plus grandes cons~quences sur les propri~t~s
physiques du cristal. Par consequent, nous avons 6tudi6
l'importance de quelquas paraitres g~om~triques (distance
intarplanaire, translation horizontale des anneaux, ... ) de m~me
qua 1l6tat d'oxydation de toutas les deux molacules Sur
l1orientation relative des mol~cules individuelles dans le
dim~re.

Aussi, on 6tudie d'aurs aspects du dim~ra. L'intaraction
antre deux molecules apolaires vient d6termin~e, fondamentalment,
par las moments quadrupolaires. on compare plusieurs m~thodes
numkriques pour le calcul des moments quadrupolaires. Laeffect
de cas moments stir la g~om~trie du dim~re est discut6.

Qualques conclusions pr~iiminairas sont: 1) On recommanda
l'usage de charges nettes "ab initio" pour 6viter probliimes de
transf~ribilit~e des param~tres d interaction. 2) On racommanda
la renormalization des charges nettes pour reproduire bons
moments quadrupolaires. 3) L'interpolation de polarizabilit~es
atomiques r6sulte un proc6d6 approprii doncs les charges nettas
sont modifi~es.
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Monte Carlo simulation of the
Acetate-Guanidinium ion pair in water

Stdphane BOUDON, Georges WIPFF
Institut de Chimie
1, Rue Blaise Pascal
67000 STRASBOURG
France

Monte Carlo simulations have been carried out on the
guanidinium/ acetate ion pair in water at 25'C and 1 atm. The free
energy profile of the separation of the two ions has been calculated
using the statistical perturbation theory. The determined -tential of
mean force between the two ions set in the configuration giving the
best interactions (double-bound C2V configuration) shows three
minima. There is no clear preference for the intimate pair (C ... C=
3.3A) The intermediate state (C ... C = 6.3A) is a result of cooperative
binding between the ions and two water molecules forming a double
hydrogen-bond bridge. The two extreme states (C ... C =3 .3Ak and 9.6A
respectively) are separated by a large energetical barrier. The computed
results provide insights in the effects of the solvent on an important
biochemical system and anchoring, site of proteins.
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HIGH TEMPERATURE ANNEALED MOLECULAR DYNAMICS
SIMULATIONS AS A TOOL FOR CONFORMATIONAL

SAMPLING:
A TEST CASE ON THE 222 BICYCLIC CRYPTAND.

P. AUFFLNGER, G.WIPFF
Laboratoire de RMN et de Moddlisation Moldculaire
UA 422 du CNRS
Institut de Chimie
4 rue Blaise-Pascal
67000 STRASBOURG

ABSTRACT:

We have performed methodological studies using "Hiah

Temperature Annealed Molecular Dynamics Simulations" (HTAMDS) on a

bicyclic cryptand, with the following protocol : 100 ps of molecular

dynamics at 1000°K, followed by optimisation of the structures saved

every 0.2 ps, relaxation of these structures during 20 ps of molecular

dynamics at 3000 K and, finally, optimisation. Four sets of 500 low

energy conformers of the free 222 cryptand have been produced

starting either from the free cryptand or from the M+/222 cryptate with

different representation of M + .

The analysis of these four sets allows assessment of the ability of

this HTAMDS technique : (i) to interconvert experimentally known

conformers starting from one of them, 0i) to locate the energy minima,

(iii) to generate new conformers of low enery,. and (iv) to account for

the average structure observed on the NMR time scale. In view of the

ionophoric behavior of the cryptand. structures are analyzed in terms of

the "in/out" orientation of the binding sites.

It is found that the annealed simulations on the free molecule,

although sampling largely the conformational space, do not give

structures adequate for cation inclusion; however they generate the

lowest energy structure known experimentally and other new closely

related ones. Inclusion of cation in the simulation (either as a purely

electrostatic "driver", or as a charged sphere) leads to conformations

found in several complexes.
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KINETIC MODELLING OF HETEROGENEOUS-CATALYZED REACTIONS WITH THE ANACIN
SOFTWARE. APPLICATION TO THE HYDRODENITROGENATION OF PHENANTHRIDINE.

J. JOFFRE , P. GENESTE , A. GUIDA , C. MOREAU
l, and G. SZABO2

1. ENSCM, 8, Rue Ecole Normale, 34075 Montpellier, Cedex France
2. TOTAL-B.P.: 27- 76700 Harfleur, France.

Tne hydrodenitrtge-t'on of ie3v, hyd'ocaDons is repr:zented or 3
laboratory scale by a simple test consisting of the conversion of
alylanilines in the presence of nitroge-a.ed polyaromatic compounds liKe
quiroline or phenanthridine. These compounds have been shown to inhibit
tne conversion of alKylanilines as due to tneir important concentration in
tne feed or to the slow orogress in their own corversion. :t is quite
obvious that the innibition results from competitive adsorption phenomena
Oetween tne suosoituted anilines and tne neavier N-cofpounds present in
the feed.

:n order to gain a better knowledge on the innibiting effects ard
tneir possiole quantification, a computer tool was required allowing to
interpret the experimental results and to model trese innibiting effects.

A prepr3grammed Kice-ic model consisti,7g - i< reactants,
intermediates or reaction products Yl,Y2 ...Y6 tias defined

A(l) A2)
Y1 _ b( l)----> (2 (2) Y3
I CM1) I C'2) 1

o(3) b(4, b(5)
C(3) C(5) C(5)
+ A(6) 4 A7 +
Y4 - b (6)--- ? (]--- 5

C(6) 1)7;

in wnich ) are tre rate constants f or the Forward reactions, Ci' are
those for one reverse reactions and bri) are tne constants of adsorption
Tor the different compounds (j).

T7e reactions are assumed to be first order in each compound i).
"he system of differential equations is integrated numerically by the
unge-Kutta method. The :onstants A(i C(i) and b(i) are optimized witn
tne simolex method to fit in ,4itn cne exoerimental :ata.

.n tne case of tne hvdrodenitrogenation of pnenanthridine, the
residue ootained after optimization of the forward rate constants only, is
.'elatively high ; this residue becomes smaller after optimization of both
forward and reverse rate constants. Finally, the smallest residue is
obtained when the optimization also takes into account the adsorption
constants of the different compounds (i).

Thus, the appropriate software allows to model the inhibiting
effects of nitrogenated polyaromatic compounds on the conversion of
substituted anilines. This software works at a reduced running cost and
requires only widely used computer equipment. It allows to determine
automatically twenty constants from one set of experimental data and to
visualize the results by comparing experimen-al and simulated curves.
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Le calcul Ce la correction Epsteln-Nesbet au second ordre Ce la
densite electrocue en tant ou'application repartie Cans le contexte
u'un reseau inrormaticue !ocal "V!vr-svu./c

*2ean-N1arie Lec~erc,
-aboratoire de Dvnarnmue des interactions riFculaires
;_n it oroore de Recnerctie A0'271 Cu CNPS
Unite flee oar Convention l'Universite Pierre et iar le Curle (Paris 6)

Le P.6seau nfcrmatique Local Ce la Physico-Chijmie Mol~culaire de I*Universlt
Pierre et Marie Curie (Paris 6) constitue un espace prlvfl~gi Qour le d~velorpement
Tapplications reparties en Physico-Chimie Quantique. 11 est preisente un tel
C~veloppement pour le calcu) Ce la correction Epstein-Nesbet au second ordre Ce la
censit elecftronique dans le cadre suivant:

- d~veloopement du type Rayleigh-Schr~dinger
- partition Cu type Eostein-Nesbet
- correction limitee au 26me ordre
- r6-1 4rence mono-d~terminantale couches completes
- a) repartition stir une station Ce travail multi modules Ce traitement

0) reoartition sur plusieurs stations de travail.

Les avantages (en partliculier sur le plan du rapport perflormances/prix) et les
limites d'une telle approche, par rapport j Ilutilisation plus classique Ce
.mainframes" mono ou multi-processeurs, sont discutes.
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Molecular graphics for the Macintosh.

Jean-Michel CENSE

Laboratoire d'informatique chimique
Ecole Nationale Superieure de Chimie de Paris

11. rue Pierre et Marie Curie - 75231 Paris Cedex 05 F-RANCE

Now that Apple Macintosh and high resolution laser printers are widely available it appears interesting to
have an easy access to specifically tailored packages allowing creation and manipulation of chemical drawings
for direct printing or for insertion into word processors, desktop publishers, presentation managers or graphics
software.

MolDraw and MolView programs allow the production of a wide variety of display modes for 3-D molecules
(Ball and stick, Space filling, Dreiding and stereo pairs of all of these). These 3-D molecules are obtained from
ASCII files containing Cartesian coordinates, fractional coordinates or internal coordinates.

MolDraw and MolView programs read texfiles of atomic coordinates according to several formats, SYBYL
PDB and a private format for Cartesian, fractional or internal coordinates. These text files are transfered from
host computer or created on the Macintosh.

Cristallographic files include cell constants, fractional coordinates, symmetry operators and duplicate
operators to display several contiguous cells.

Several parameters, such as covalent radii, atomic radii, patterns and gray tones are adjustable. Using a
Macintosh 11 and a color monitor all models are displayed in color.

X, Y and Z rotations, translations, inversions, scaling, rotations around a non-ring bond are provided. An
axis defined by to atoms can be moved to X, Y or Z axis. A plane defined by three atoms can be moved to XY,
YZ or ZX plane. A cristallographic molecule may be projected onto a "hk" plane.

Information about interatomic distances, angles or torsions are available by selecting pertinent atoms.

Several techniques have been tested for displaying depth relationships : depth-cueing, stereopsis and
animation.

Stereo views are projected in either a relaxed mode, a mirror mode (one view is seen after reflexion on a
mirror) or a crossed mode. The stereo separation and the rotation between stereo views are adjustable.

Animation is a very effective technique for displaying depth relationships. Successive views of a 3-D model,
projected after rotation around any axis, are stored in memory and later transferred to the screen. While it is
impossible to infer the sense of rotation from orthonormal projections of wire-frame models, using depth-
cueing, ball and stick or space filling models, the sense of rotation can be easily deduced. The number of
animated images and the animation speed depend on the size of the front window and on the size of available
memory.

Most models are generated in less than 3 seconds on screen. A black and white shaded space-filling image of
a 500 atoms molecule was generated in 30 seconds on a Macintosh II at screen resolution. The same colored
image was generated in 15 seconds only. Shaded 3-D models are printed in less than three minutes at maximum
resolution (300 ppi).
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Phase heha v iotir of cvclohexane derived from differential therm'al

an alyv.is and comnuted by molecular dyvnamics

C. C. Hebisel((-, Theonret iscbhe Chem ie

-i n ( A. >.r FIin r,r , Phv qi k aIi s c he Ch e m ie

F> feren t. ijIthe rmal zmii s has hen r!!o r r s ttwv tiho 'l

f t, s fon ce s p\'1 nt r, i lIas t i (7 7f o-ro ~ 'e -'a r ~a~''
nen~ hi oh-ressiure in ourepri p~hase transit inns.

A si-<-cen tro Lennarrd-2onos rotenti a 1 inan' r.rcn h' '

,-!, F t e ,tedth.vr Iy ml ec] t:1nr dA'~vn a mir s ( '~ ) cnta, Ic at i rn s. The,, t h rv -

narnic and4 transport rorerties of Pxperimentnl C' F-p1 in lif(i(id andl

solIid( states %,ere reproduiced in acceptatble appro,<imnation. In par-

tictilar the phase transition to the hi(ch temperature. rotatr h

(althouioh amorphous) is correctly predicted! by the "In calculation.

Furthermore the first two reorientational correlantion ftinctins. of

three vectors coincidino with different directions of t he mole rcul Ie

ha3ve been i nvePstfi na ted(, from wh icrh valIu ablIe i n s iht. into thp

rotational behaviour of the occu~r r ino li (ij id( a nr szolid' nhases is

dler ived(..
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ELECTROSTATIC PROPERTIES OF SOLVATED PROTEINS: A MICRO-

SCOPIC ANALYSIS BASED ON COMPUTER SIMULATIONS

Shoshana J. Wodak, Daniel Van Belle* and Martine Provost,
Unitd de Conformation de Macromolicules Biologiques, Universitg Libre de Bruxelles,
and *Plant Genetic Systems, CP160, P2, Ave. P. Higer, B-1050 Bruxelles, BEL-

GIUM

Molecular dynamics simulations of a small protein barnase in presence of ex-
plicit water molecules are described and results from a 100 ps trajectory of the

system are analyzed.

The deviations of the average protein conformation from the starting crystal

structure is very satisfactory (-1 A rms for backbone atoms), and the agreement
between computed and crystallographic atomic fluctuations is unusually good for

portions of the protein that do not participate in crystal contacts. The structure
of water around polar and non-polar groups on the protein surface also seems
reasonable in that it agrees well with previous observations made in hydrated

crystals or in simulations of small solvated molecules.

The thrust of our study concerns the use of the last 25 ps of the generated tra-

jectories to obtain a detailed microscopic description of electrostatic interactions
in the protein. Contributions to these interactions from permanent protein di-

poles, from orientable solvent dipoles, and from electronic polarizability are
evaluated. Although the analysis must still be qualified as preliminary, a number

of clear trends emerge. The contribution of water to local fields inside the pro-

ein is substantial. Ic ..fects filcd magnitudes and fied orientation respectively
by 30% and 31 degrees on the average. In compariscn, the contribution from
electronic polarizability alone is much lower with an average of 6% in field

magnitude and 12 degrees in field orientation. But statistical analysis of both

contributions shows that they display an appreciable degree of inhomogeneity
throughout the protein matrix which suggests that their relative importance may
vary according to the local environment.

Modelling of Molecular Structures and
Properties in Physical Chemistry and
Biophysics
Nancy - 1989

L
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NMR studies of proteins and protein-DNA interactions

J.A.C.Rullmann,
Department of Organic Chemistry, University of Utrecht,

Padualaan 8, 3584 CH Utrecht, the Netherlands.

With two-dimensional NMR spectroscopy solution structures of small and medium
sized biomolecular systems can be determined. The nuclear Overhauser effects, or
NOE's, in the biomolecule are translated into proton-proton distance constraints, which
can be used in Distance Geometry algorithms and Restrained Molecular Dynamics
simulations to determine the range of possible structures. The accuracy of the distances
derived from NOE's can be improved by an iterative relaxation matrix approach. The
procedure will be illustrated by the structure determination of DNA octamers and of the
protein crambin.

A major bottleneck for determining structures by NMR is the assignment of proton
resonances. By performing three-dimensional experiments the resolution can be
increased. Some results of non-selective three-dimensional measurements will be
shown.

Two-dimensional NOE studies of complexes of lac repressor headpiece with lac
operator fragments are presented, including a 2:1 complex with a 22 basepair operator
(total mol.wt. 25.000). A large number of protein-DNA NOE's has been identified. By a
combination of molecular docking and Restrained Molecular Dynamics using these
NOE's as constraints, models of the lac headpiece operator complex were built. An
interesting feature of the structure of the complex is that the second ("recognition") helix
binds in the major groove of the DNA with an orientation that is approximately 180 °

different from what has been found for othe. DNA binding proteins. The model predicts
specific protein-DNA interactions which have been found recently in genetic
experiments with the complete lac repressor as well.
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Protein structure determination using NMR data with

energy minimisation and molecular dynamics calculation

A. MIKOU, E. GUITTET, V.STOVEN, M.A. DELSUC,
and J.Y LALLEMAND.

Institut de Chimie des Substances Naturelles
CNRS, 91190 Gif sur Yvette, FRANCE.

Recent developments in two dimensional NMR spectroscopy
allow the structure determination of proteins in solution.

These structures are calculated by a combination of NOESY *
determined distances with energy minimisation and molecular
dynamics. These distances are introduced as constraints during the
calculations.

However, before these methods can be applied, it is necessary to
assign the various resonances from the NOE maps to their parent
protons.

The M.C.D strategy ( Main-Chain-Directed ) (1) for assigning
these resonances is used.

The quantitative evaluation of 2D maps using the " P.A.R.I.S
Program for Automatic Recognation and Integration of 2D NMR

Signals ) (2) provides information of interproton distances smaller
than 5 A.

This approach is illustrated with the toxin from AaH scorpion
venom.

(1) Englander, S.W., Wand, A.J. (1987) Biochemistry 26, 5953-5958.
(2) Stoven, V., Mikou, A., Piveteau, D., Guittet, E., and Lallemand, J.Y.

(1989) J.Magn.Reson. in press.

* NOESY: Nuclear Overhauser Effect Spectroscopy.
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INFLUENCE OF THE BASE SEQUENCE AND CONFORMATION ON THE

STRUCTURE OF THE POLYNUCLEOTIDE HYDRATION SHELL

V.I.Poltev, A.V.Teplukhin, G.G.,alenkov

Institute of Biological Physics, USSR Academy of Sciences,

Pushchino, Moscow Region, USSR

The hydration shells in the minor and major grooves of

several double helices with different nucleotide sequences and

conformations have been studied. The ionte Carlo methdcd o-

rithm of Metropolis et al.) was used for simuation of :-,Stems

containing helical stacks of' complementary ;3e 7airs 2n 30

water molecules per each base pair with unidimensional periodic

boundary conditions along the axis of the helix. The renaation

unit comprised 6 base pairs. Tie mutual arranZement o: the base

pairs corresponded to the A and B conformations of (fA).

poly(dT), poly(dG)'poly(dC), poly(dA-dT).pcly(dA-d2) anf
poly(dG-dC).poly(dG-dC). The average energetic and st.zctura

characteristics for the simulated systems at room temperature

and at a temperature close to absolute zero were calculated

the patterns of the hydrogen bonded bridges formed by 1,2 and

3 water molecules connecting hydrophilic centres of the bases,

are considered and the probabilities of formation of such

bridges have estimated. The hydraticn shell structure depends

not only on the nature of the base pair, but on the sequence

and conformation although the total hydration characteriswzc_

(energy and its components, the number of water-water and water-

-base H-bcnds) depend only slightly on the latter factors. :he

structural elements peculiar to the hydration shells of the

minor and major grooves of helical stacks of base pairs have been

found. The probability of formation of one water molecule bridges

between the hydrophilic centres was found to increase when the

stack transforms from the A to B configuration (one water mole-

cule bridge means that a water molecule forms H-bonds with two

or three base atoms). This result is discussed in connection

with the water economy concept proposed for the explanation of

the B to A DNA transition. The difference in the structure of the

hydration shells near NH2 -groups of A:T and G:C pairs was found

and discussed.
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SIMULATION OF PROTEINS:

STRUCTURES, DYNAMICS, & THERMODYNAMICS

Martin KarpLu5
Department of Chemistry

Harvard University

Proteins are one of the essential constituents of Living
systems so that an understanding of their properties is
necessary for a fundamental, approach to biological probLems.
It wll be demonstrated that moLecular dynamics simulations
provide a method for obtaining information concerning protein
structure, dynamics, and thermodynamics. Of particular
interest are the internal motions which are sizeabLe in spite of
the close packing of the atoms Ln the native structure; such
fluctuations play an important role in Ligand binding. The
utlity of simulations for structure refinement and for
determining the properties of modified proteins wLl be described.
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Base Sequence Effects and Transitions in DNA

Richard Lavery

Institut de Biologie Physico-Chimique

13, rue Pierre et Marie Curie

Paris 75005, France

Experimental evidence on the biological role of fine

structure within DNA is rapidly accumulating. In principle,

theoretical modeling should be able to help in deciphering this

new "code", however the size and complexity of the molecular

systems involved has hindered progress in this area.

Recent developments in our laboratory have led to two new

methodologies which should improve the situation. Firstly, we

have developed an energy minimisation procedure, specifically

oriented to the treatment of nucleic acids, which directly uses

helicoidal parameters as variables. We are thus able to describe

DNA oligomers with ten times fewer variables than are necessary

in classical molecular mechanics. At the same time we are able to

study much more easily the energy dependence of structural

deformations. Secondly, we have formulated an algorithm for

rigorously describing the conformation of irregular nucleic acid

oligomers and, in particular, their curvature. Application of

these techniques to studying the influence of base sequence on

the fine structure, the flexibility and the conformational

transitions of DNA will be presented.

J .. / I lII~ iI l iI m-•m
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ETUDE CONTORMATIONNELLE PAR DYNAMIQUE MOLECULAIRE
DE QTUELQU-ES LNHIIBTEU-RS DES COLLAGENASES BACTERIENNES.

V. DIVE 1. B. GILQUIN 1,D. PERAHIA\ 2

Service de Biochimie. Ddparternent de Biologie. CEN-Saciay. Gif-sur-Yvette
2Laboratoire d'Enzvmoiogie Physico-Chimique et Mol~culaire. Bat 430.

Universitd Paris-Sud. 91-03 Orsay Cedex.

Les collagdnases bactdr-iennes sont des mdtalloproidines as zinc capables
de diver avec une grande spdcificitd le collag~ne natif et des substrats
de synth~se. Une famille d'inhibiteurs de 1'e-nzyme. de formule gdrndrale
HS-CH--CH-1-CO-PRO-X (X= L-arninoacidej. a "t~ obtenue. Les -,onstantes

dinhibition mesurees varient fortement. avec la nature du residu X.

Les ddrivds N-mdthvlds de X pr~sentent une activitd plus grande par
rapport au composd parent. Ils sont caracte'rise's par une reduction de
Fespace conformationnel par rapport au composd non mdthv1d. Deux de
ces composds (X = Ala et X = N-methly-Ala) ant 6E choisis en vue de
I'dtude par dynamique moldculaire de la restriction de Fespace
conformationnel.

Les calculs de dvnamique moldculaire rdalisis 1 600K a laide du logiciel
CHARMIM. ant permis de mettre en dvidence 1'existence de 3 families dc
conformations pour le composd normal et de 2 familles pour le compose
mdthy!6. Les valeurs des barri~res de potentiel et des minima dl'dnergie
pour ces diff~renos conform~res ant 6t calculds en gdomadtrie relaxde.
La comparaisan ecc las resultats exp~rimentaux de la RNIN montre la
ndcessitd de la prise en compte dans cas calculs du facteur entropique et
des effets de solvant.

Dans cc but. plusicurs sous-programmes ant 1 td ddvcloppds ct intdgrds
asu logiciel CHARMNI. Ils permettent de calculer Ia diifflrence d'-,reie
ibre entre diffdrents canform~res ai partir de dynamiques mal~xilaires

a 3100 K.

La prise en compte du facteur entropique donne un bon accord avec les
rdsultats expdrimentaux de Ia RMN.

Ce travail est poursuivi actuellement pour tenir compte des effets de
so lvant.
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EVALUATION OF EECTROSTATIC PROPERTIES AT ENZYME ACTIVE SITES.

G.Dive, J.Lamotte-Brasseur and D.Dehareng

Service de Microbiologie, Universitd de Li4qe,
Sart Tilman ,Belgium.

Understanding as the atomic level how proteins and their
ligands interact is one of the most crucial challenges in the
molecular interaction studies. Such an interaction is charac-
terized by an energy E(int) that may be evaluated at different
levels of approximation depending on the size of the system and
the distance between the interacting partners.

At large distances, the most important component of E(int)
is the electrostatic interaction energy E(es). This work attempts
to calculate E(es) from valuable expressions of the electrostatic
potential (E.P.) at the quantum chemistry level.

In the first part, modelized active sites of alpha chymo-
trypsin and of native and mutated subtilisins have been inves-
tigated in view to point out the electrostatic features involved
in the beginning of the interaction. The level of approximation
in the derivation of the E.P. factors (density matrix elements,
monoelectronic integrals), the influence of the number of
residues in the model (from 91 to 277 atoms), as well as the
influence of the solvent molecules (from 0 to 25 water mole-
cules) are discussed. The most striking result is the relation
between the direction of the high dipole moment value and an
impressive E.P. negative well located on one side of the cleft
in and around the nucleophilic serine [Proteins, J.L.B. et al,
submitted].

The second part of this work proposes a numerical procedure
to derive E(es) with a high performance ratio (accuracy level)/
(CPU time). This procedure consists in a 3D numerical integra-
tion of the product of the E.P. of one partner and the charge
density of the other. The approximations involved in this
calculation refer to the way the electrostatic potential and
the charge density are determined. Numerical ab initio SCF
STO-3G(Nls) as well as CNDO type calculations are presented
versus analytical SCF STO-3G(Wls) ones. These clearly show that
the numerical procedure at the semiempirical level is quite
satistactory as far as the accuracy is concerned, and has the
great advantage to be far less time consuming than the ab initio
analytical way ETh.Chim.Acta, D.D. et al, accepted].
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Theoretical Prediction of Base Sequence Effects in DNA and RNA

Brigitte HARTMANN

Institut de Biologie Physico-Chimique
13, rue Pierre et Marie Curie

Paris 75005, France

The role of the base sequence in determining the structure
of B-DNA is already well established. But little is known about
base sequence effects for other conformation such as Z or A
allomorphs.

The use of a new molecular modeling methodology, 3UMTNA,
based on internal and helicoidal variables, has allowed us to
detect clear effects of base sequence on the conformation of
DNA and RNA double helix.

The results we shall present for oligomers with
dinucleotide symetry imposed show that, especially within the
Z-DNA or RNA family, considerable polymorphism can exist.
Certain sequences can adopt more than one conformation. in
these cases, the helicoidal characteristics are very different
although the energies are very similar. We note that, overall,
large changes in base pair positioning require only small
coupled changes in backbone dihedral angles.

Comparison between B- and Z-DNA or A- and Z-RNA
conformations show that the order of B-Z transition enthalpies
generally correlates with the number of syn-purine/anti-
pyrimidine errors (i.e. syn-pyrimidine and/or anti-purine).

Finally, we use our molecular modelling for the
interpretation of the highly variable experimental chemical
reactivities of a natural Z-DNA, in terms of conformational
discontinuities.
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Modeling DNA Curvature as a Function of Base Sequence

Marc Poncin

:nstitut de Biologie Phvsico-Ch;i-'e

13 rue Pierre at Marie Curie

Paris 75C05, France

It is now well known that certain secuences are

naturally cunred and that this cu-rature can play an important

role in the biological functioning of DNA. However, todav there

is still no clear structural explanation for these effects.

We have consequently undertaken a theoretical modeling

study in an attempt to better understand hcw the base sequence

can influence the fine structure of DNA. The results presented

will show some applications of the programs Jumna and Curves

which have been specifically designed for the construction,

energy minimisation, manipulation and analysis of nucleic acid

oligomers. The use of helicoidal parameters and internal

coordinates during energy minimisation is particularl/ helpful

for investigating base sequence effects and DNA flexibility in a

controlled way. The rigorous analysis provided by tne Curves

algorithm enables us to study both natural curvature and to

investigate the anisotropy of imposed DNA bendin .

J{
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MINIMISATION ET DYNAMIQUE MOLECULAIRE DE L'ADN-Z

MODIFIE PAR L'ACETYLA'INOFLUORENE

V. FR:'rSCF et E. WESTHOF

Laboratoire de Cristalloaraohie Bioloaicue
institut de Biologie Mol~culaire et Cellulaire,
:entre National de !a Recherche Scientifi.que,

15 rue R. Descartes, F-67080, Strasboury.

Le programme de mecanique rol~culaire AMBER, version
3.0, a 6t6 utilis6 pour 6tudier les conformations adoot6es
par !a quanosine modifi6e sur la position C8 par le
carcinogene acf-tylaminofluor~ne (AAF) .A Cet effat, nous
avons introduit dans le programme MBER une routine
permettant d'utiliser une ",constante di~lectrique" prenant
des valeurs entre 1 at 80 ; celles-ci variant de faqon
siomoldale en fonction de la distance, suivant la forme
suggeree par Lavery, at al. (J. Biom. Struct. and
Dyni.,S 989 lC14 \986fl.

)Nous avons affectue une minimnisation syst~matique de
ia guanosina modifi6a par l'A.AF en fonction de l'angle de
torsion autour de la liaison glycosidique at de calui autour
de la jonction entre la guanosine at 1'AAF. Las
conformations octimales ainsi obtanuas, compatibles avac !a
forme Z de 1'ADN, ont 6t ins~r~es dana un
d'CGCGCG)2 at & nouveau minimis~es. Las structures
minimises ont ensuita 6t soumises a un calcul de dynamique
mol~culaire partielle aur la s6quenca 5'-C-GAAF-C-3' . Tous
cas calculs ont 6t6 effectu~s avac une "constanta
di6lectrique" 6galea r, A 4r, ou "sigmo~dale".

Una des conformations pr6f~r~es aussi bien an
minimisation qu'en dynamique est raora-sent6a dana la figure
st~r~oscopique ci-dessous.

L R

7x7
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RECONNAISSANCE DES BASES D4 L'ADN PAR LIAISON XYDROGEME

Effet de la lorigueur d'une chain. hydrocarbone

par C. COULOMBEAUM' et N. GRESH(
2 )

()Universitd J. Fourier, LEDSS VI, B.P. 53F, 38041 Grenoble

Cedex, France.
(2) Institut de BiologiJe Physico-Chinmique, 13, rue Pierre et

Marie Curie, 75005 Paris, France.

OBJET. Une serie de derives du methoxy-2 Chloro-6 amino 9
acridine pcrtant une chaine aliphatiqie de longueur variable

terminde par un groupe carboxamide libre, interaqit de manietre

prefdrentie11e avec un ADN riche en paires (G-C) . Cette

interaction vanie avec la longueur de la chaine. On estime

qu'elle est optimum lorsque 16 groupe terminal peut former dams

le petit sillon deux liaisons hydrog~ne avec le groupe NH 2 et

le N3 d'une guanine adjacente au site d'intercalation.

RESULTAT DES CALCULS. Le calcul par SIBFA de ces ddrives de

Ilacridine interca2~s dans un hexamere rigide form6 de paires

de bases (G-C) montre que la formation d'un complexe bidente

n'est pas indifferent a la sequence :uis se forment dans une

sequence (GCCGGC)2 mais pas dans (CGCGCG)2.

Pour ces complexes bidentds l'energie d'interaction

stabilisante est la plus importante pour le compose comportant
5 mdthylenes, ce qui est conforme A l'expdrience.

Oe mime la difference entre I'dnergie totale du coinpiexe

et 1'energie du ligand seul etendu indique que la stabilisation

est maximum pour l'isomere A 5 methylenes. La comparaison des

energies des complexes pour des sequences d'hexameres

(GCCGGC)2, (ATTAAT)2  et (TATATA)2  preserve le caractere

favorable pour le mdme compose.

On peut noter cependant que ces sequences particuli~res

sont insuffisantes pour rendre totalement compte des faits

experimentaux.
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MOLECULAR MODELLING OF TWO DOUBLE STRANDED DNA FRAGMENTS
TGACGTCA and ACTGCAGT

J.M. PIRIOU1 , 0. MAUFFRET 1 , J. ARMIER 2 . S. FERMANDJIAN 1 . NI. LE BRET 1

Laboratoire de Biochimie-Enzymologie CNRS URA 158, INSERM U140
Institut Gustave-Roussy- 39, rue Camille Desmoulins
94805 Villejuif Cedex FRANCE

2 Institut de Recherches Scientifiques sur le Cancer

7, rue G. MIquet - 94800 Villejuif FRANCE

Footprinting experiments showed that the antitumour drug N-methyl 9-hydroxy
ellipticine (NMHE) preferrentially binds to CG sites in double stranded DNA, and led to the
determination of a consensus sequence ACGT (B. RENE and co-workers).

To elucidate this selectivity, we have carried out the IH NMR study and the
molecular modelling of the binding of NMHE to a DNA octamer containing the consensus
sequence - TGACGTCA -, and its inverse sequence ACTGCAGT. The two fragments have
first been studied without the drug.

On the basis of these NMR data, we undertook the molecular modelling of the
octamers.

From the coupling constants Jl'2', Jl'2", J23', J2"3', measured from COSY
experiments, we have considered each sugar ring as the result of an equilibrium between the
C2'-endo and the C3'-endo conformations, which can be represented by the percentage of
C2'-endo form (Rinkel and Altona 1987).

Thus for both molecules a set of 64 = 26 starting structures were generated,
considering for each sugar ring (except those at the extrem;ties) the C2'-endo and C3'-endo
conformations. Those models were refined, without constraining the geometry of the
deoxyribose. We selected the best ten ones in terms of energy (with less than 5 kcal
difference between one another). We calculated the coupling constants of our models and
confronted them to the experimental constants. We considered each nucleotide independently.
For some of them, the calculated couplings were in good agreement with the experimental
ones (pure C2'-endo). For the other ones we had to consider the equilibrium C2"-endo - C3'-
endo, i.e. taking the C2'-endo form of one sugar, we tried to find another structure where
the same sugar exists in the C3'-endo conformation, and a fraction p such as, for the 4
couplings :

P'JC2'endo + (I-p).J ,en = J
We ruled out the structures for wtch it was not possible to find such a fit for all
nucleotides. Thus we kept 3 models.

Then interproton distances were used for the final determination of the structures.
The work concerning the binding of the drug to the fragments is currently being

done.
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TUCLEOTIDE MISPAIRS STABILIZED BY WATER BRIDGES.

MODELING OF STRU7CTURE AND ROLE IN TEMPLATE BIOS ...T. SIS

7.I.?oltev, S.V.Steinberg

Institute of Biological Physics USSR Academy of Sciences,

-ushchino, : :csco,:r Region, 142292, USSR

To elucidate the mechanisms of wobble in codon-anticodcn

interaction and of errors in template biosynthesis of nucleic

acids, the oossibility of insertion of water molecules into

wobble nucleotide pairs was considered. At the firsz s-ep :he

calculations of intermclecular 4_e-

raction energy for systems containing two bases and one or two

water molecules were carried out by the method of at m-atom

potential functions. There exist energy minima :or each base

-air, corresnonding to a single :I"-H...C or z- -on, be-

ween the bases and ..-bonding of the ,ater molecules wi- both

bases. In the other Tnima, where two bases are corected via

two H-bonds, water bridges additionallr stabiiZe such nars.

The position of the bases and water molecules of scme calculated

comnlexes correspond to those of nuclectide pairs in some double-

-helical oligonucleotides, as :Movn from X-ray and '7,3 data.

At the second step we have attempted to insert these pairs

into the third position of the codon-antioodon oomolex un.der

the assumption that the rearrangement of the sugar-phosphate

backbone, that is necessary for such a ar o.nan - , occurs

only in the anticodon, but three nucleotides of cdon durlni

codon-anticodon recognition have the fixed conformation of

Consequently, along with the standard -airs the following pairs

become nrobable: UTG, UI, UT, CU, GU and AI, GU and AI being

weaker than the other ones. All other pairs appear to be steri-

cally impossible. Atom-atom calculations of the system (codon-

-anticodon loop - water molecule) established the energy minima

for eiery permitted wobble pair and revealed that the conforma-

tional rearrangement of the anticodon loop which accomodates

the latter for each of these pairs is fairly small and so quite

possible. All the conclusions are in good agreement with the

experimental data.
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STUDY ON THE SEQUENCE SELECTIVITY OF THE BI-FUNCTIONAL INTERCALATOR
DITERCALLNIUM

R.C..MROUN". M.DELEPIERRE AND B.P. ROQUES

Taboratoire des cor.formatuz.r.s e, des interactions de modeies biolovcues
pharmacologiques

et
Unite de Pharmacochimie Moleculaire

kUA49S CN.RS et U266 INSERM)

4. av de jObservatoire, 75006 Paris
FRANCE

ABSTRACT

The structures and binding energetics of the complexes formed between the rigid
linking chain DNA bi-functional Intercalator ditercalinium (1) and a series of model
tetradeoxvnucleotide duplexes that follow always an alternating purine-py.vridine
sequence have been investigated by means of JUMNA (2). a molecular mechanics
approach. The ditercalinium complexes all contain one Internal excluded site such
that two base pairs are sandwiched between the chromophores intercalated at the
terminal sites.

A comparative energy analysis of all the compl-xes has permitted us to order them
according to their base pair preference. The energy minimisation calculations using
the JUMNA methodology point to an increased stabilisation of the minor groove
complex (i.e., the complex in which the piperidine rings of the linking chains of the
drug occupy the minor groove side) over the corresponding major groove complex in
the case of d(ApTpApT2. All other complexes are major groove complexes. These
results put forward the many-sidedness of the modes of intercalation of
ditercalinium. We have. in addition. characterised quantitatively the local
deformations Induced by the drug on the DNA fragment.

The prediction In the case of the ATAT sequence is in agreement with the theory of the
negative molecular electrostatic potential of the DNA minor groove proposed by
Pullman. Lavery and coworkers.

)The mode of intercalation of ditercalinium with the ApTpApT sequence Is presently
being investigated in this same laboratory by IH and 31p NMR techniques.)

(1) Pelaprat, D., Delbarre, A. Le Guen. I.. Roques. B.P. and Le Pecq. J.B. (1980) J Med.
CherrL Q. 1336-1343.
(2) Lavery. R. (1988) in "DNA Bending and Curvature," W.K.Olson, M. Sundaralingam.
M.H.Sarma and R.H.Sarma. Eds. Adenine Press. New York. NY, 191-201.
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DNA Bis-Intercalation in the 7H pyrido [4,3-cl carbazole
family: A comparative 111 and 31p NMR study.

Muriel DELPERRE*. Rachid MAROUN. Catherine MZULHET*. Christiane GARBAY,

Jean IGOLN, Bernard ROQUES*.

* Laboratoire de chimie organique, CNRS UA 498, INSERM U266. PARIS 75006.

+ Unit; de chimie organique, CNRS UA 489. Institut PASTEUR.

Ditercalinium (2.2'-{U4.4'-bipiperidinel-1.1'-diyldi 2.1 ethane diyl}bis(10-
methoxy - 7H pyrido [4,3C] carbazoliumltetramethane sulfonate) (NSC 366241) a DNA
bis-intercalating compound, is a potent antitumoral rigid dimer. Previous studies (1)
have shown that a reduced flexibility of the linking chain of such dirner is essential
for its biological activity. In order to understand at the molecular level the
mechanism of action and the structure-activity relationship of these series of DNA
intercalators. new dimers with additional methylene groups between the two
piperidine rings have been synthesized (2). Addition of one methylene group in the
chain preserved the activity, whereas addition of two methylene groups reduced the
cytoxicity which finally disappears when three methylene groups are inserted.
Therefore, the study of the interaction of dimers bearing no (2_2) two (222) and three
(232) methylene groups with the self complementary hexanucleotide d(CGATCG) 2 have
been investigated by IH and 31P NMR.

The results indicate that all dimers bisintercalate into the DNA and exhibit a
neat preference for pyrimidine-purine sequences. The intermolecular NOE effects
between the dimers and the nucleotide lead to the conclusion that the three dimers
intercalate with their rigid bis-ethyl bispiperdine chain fitting the major groove of
the helix. Inter-residue NOE effects at the DNA level, as well as induced shifts are
discussed in relation to both the conformational changes induced on DNA upon
intercalation and to the different activity of the dimers.

,, ' 4, n=l 2.12

o= 2 222

* n=3 2;12
7 7

PELAPRAT. D.. DELBARRE. A., LEGUEN. I.. ROQUES. B.P., LE PECQ. J.B.. (1980) J.
Med. Chem. 23. 1336-1343

GARBAY-JAUREGUIBERRY, C., LAUGAA. P.. DELEPIERRE. M., LAALAMI. S..
MUZARD, G.. LE PECQ. J.B.. ROQUES, B.P. (1987) Anticancer Drug Design .1, 323-335
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BIS-INTERCALATION OF DITERCALINIUM AND "FLEXIBLE"
ANALOGUE -N THE OCTANUCLEOTIDE d(TpTpCpGpCpGpApA)2:
A COMPARATIVE STUDY BY NMR AND MOLECULAR MODELLING

Jodl POTHIER '-, Muriel DELEPIERRE $ , Marie-Christine
BARSI 8 . Christiane GARBAY $ . Jean IGOLEN* , Marc LE BRET-- &
Bernard ROQUES $ .

Laboratoire de Physico-Chimie Macromolculaire , URA 153 CNRS.
,nst*tu: Gustave Roussy. rue Camille Desmouli.s, 94800 VILLEJUIF.

S Departement de chimie Organique U266 INSERM. UA 498 CNRS. UER des
Sciences Pharmaceutiques et Biologiques. 4 Avenue de l'Observatoire. 75006 PARIS
France.

* Unite de chimie Organique. Institut Pasteur.2S rue du Docteur ROLUX
75015 PARIS France

To whom correspondance should be addressed

7H-Pyrido [4,3]c carbazole dimers of the ditercalinium
family are DNA bis-intercalators that display high DNA affinity and
antitumor properties. The latter depends on substitution on the
pyridocarbazole rings and/or "flexibility" of the linking chain. When
the two piperidine rings of ditercalinium ( figure I a ) are replaced
by six methylene groups ( as shown in figure I b), the drug
cytotoxicity desappears.

The interaction of Ditercalinium and its "flexible" analogue
with both the tetranucleotide d(CpGpCpG)2 and the octanucleotide
d(TpTpCpGpCpGpApA)2 has been therefore investigated by 1 H and
3 1P NMR. The octanucleotide was chosen as it has only one site
available for bis-intercalation, and is long enough to probe long
distance perturbations.

T'z results indicate that all dimers bis-intercalate into the
DNA via the major groove with similar geometrv but with
substantial differences at the DNA level, particularly in the sugar-
phosphate backbone.

In addition, molecular modelling calculations are being
carried out on these complexes and compared to the models
obtained from NMR data.
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DYNAMIQUE MOLECULAIRE POUR LA SIMULATION

DE REACTIONS DONT LA CLNETIQUE EST

LIMITEE PAR LA DIFFUSION

IV. Don, F. B aros et J. C. An d r&5

GRA-%PP-DCPP-UA 323 du C.YRS, ENSIC-[NPL. 1, rue Grandvffle BP 451, 54C0 I .NA NCY CEDE X

Les constantes de vitesse apparen--- d'un jand nombre de r -actions -n pbase licuide sont
affectdes par les phdriom~nes de transport mokculairc De nornbreux mod~fes. toujours fond~s

srlhpoth~se d'un solvant considdrd comme un cont; nuum, ant d proposes pour exlquer 'e
tels ph~nom~nes. 11s pr~sentent rous des imnperfecrions, plus ourmains flagrantes suivant le ,,,pe
de svst~me rnoi~culaire consid&&d

L'exp&imentation direcze tst. bien sar, la seule aossibili-t d'6zablir leur ai
nest pas toujours realisable, a cause, soit d'une precision insuffisante, soit du choix tun
svst~me mol~culairc adaprd. De ce point de vue. la dvnarnique molculaire four-ut des
exp~riences zh~oriques" t de pricieux rdnseignernents sur la validiti des ;onC,-ES, -mren s'!

s'agit d'une rn~thode un peu lourde -t cofateuse. ne pouvant supplder aux -modiles 'a0.:ns
lorsqu'on veut interpreter des rdsultats expirimentaux.

Un calcul de dynamnique moliculaire a &6i entrepris pour itudier ces rdactions dont la
cin~tique est limitd-. oar la diffusion moliculaire. Toutes les molicules du milieu '.ors'd1-
(solvant et molicules rdactives) sont supposies sphiriques, de taille identique, la e~action se
produisant d~s le premier contact (hypothises de SMIOLCCi-OWSKI). Nos premiers rdsuitats
montrent l'existence d'effets transito ires non pr~vus par les mod~les continus. permettant
d'expliquer en parrie, par exemple, les deants observis. dans les gaphes de STERN VOLMELR.
lorsqu'on excite de faqon continue (c'est d dire en inte'grant tout le ddclin) ou puls~e (c'.st ai dire
en essavant de rdsoudre temporellement le d~clin).

be teiles simulations peuvent maintenant tre entreprises dans le but de dicrire des sysl~mes
plus complexes (tailles diffirentes pour le soivant et les molicules riactives. reacttvite non
uniforme, potentiels locaux, etc...
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Structure and Dynamics of Water and Ionic Solution near
Biomembrane Surfaces from Molecular Dynamics Simulations

M. Schienkrich, K. Nicklas, Ph. Bo-po and J. Brckrann
instituc P~ hysikalische Chemnie

rechnische Hochschule Oa=nstad:, Pecersensz. 20
D-6100 Daz.,stadt, F. R. G.

The interface between a biomembrane surface and licuid water (or

ionic solution) is studied with molecular dynamics simulation

technique. Therein the membrane surface is modeled by C0C-

groups and a TIP4P model is used for water molecules. Strong

ordering of the water molecules close to the membrane is found.

ions influence this structure as well as that of the surface.

The ion transport from the bulk phase towards the membrane

surface is studied.
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TRANSPORT DANS LES MEMBRANES BIOLOGIQUES

MIODELISATION ET EXPERIENCES

E. Garcin 1, F. Baros 1, J.C. Andr~1 , D. Daveloose 2, J. Viret 2,
M.L. Virio t et M. Donner3

1) GRA-PP-DCPR-UA' 328' Su CNRS, ENS!C-N?L. Lrue Grandville, 3? -51, 5-1001 Nancy Coa-x France
2) CRSSA. Tlboracoire de 3 iophysique, B 37. 38702 La Tonche Cedex France
3) U 234 LNSER. Plateau de Siabois, CO :0, 54-411 Vand(-uvre les Nancy C.dex Franc--

L'&ude des membranes biologiques cr plus parricuui~rement de la dynamique mernbranaire
fait appel a diffdrentes techniques physiques d'investigation, qui perrnettent de caractdriser soit tin
parametre d'ordre, soit les propri tEs de u-ansport en termie de coefficients die difffusion latdrale.

Pour des systernes mod .Ies simpies (soit des phospholipides purs. soit des rndlanges
consticuds de phospholipides additionn~is de protdines membranaires purifi~es) nous avons. la
fois, rdalisd des exp&-iences et tine mod~lisation qui mettent en 6vidence tin r6le d'obstacle de la
part des protdines stir les propritds de transport dans les membranes.

L'exp~rimentation repose stir ['empici die c-ois techniques compl~mentaires, la fluorescence
r~solue dans le tem'ps (inhibition de la fluorescence du pyrene), la RPE (nitooxydes : 5 etr16 NS)
et la calorimntrie diff~rentielle.

La moddlisatjon, qui tient comore de concepts de physique des liquides
pseuido- bidime nsionnels. permet de sirnuier les propridtds de transport aui scmn des membranes et
die prdvoir l'effet des protdines.
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SIMPLE MODEL OF NUCLEIC BASES ASSOCIA TIONTHCYLCDEROTH

2 -PYHIUUNt
V I BqMT7NAE UDY

J. FAYROT, Th. BOUISSOU, J.F. BRAZIER, U.A. au CNRS 454, Laboratoire Synth~se, Structure et
P~activitl§ de 11ol~cules Phosohor~es
S. CASTILLO, Laboratoire de Recherche sur l'Energie
A. ZWICK, U.A. au CNRS 74, Laboratoire de Physique des Solidez
Uniersiti Paul Sabtler, 118 route de Narbonne, 31062 Toulousa cedzx, France

Vibrational s 'pectroscopy, specially ultraviolet resonance Raman
spect roscopy, is often used to study nucleic bases as-sociation or tauito-merism, nucleic acids stutrlchanges or nucleic acid's Interaction Wtproteins, metal ions or drugs [1Ii For such studies, it would be of interest
to correlate th e frequency shifts or the intensity variations of the lines to
th-e association state of the nucleic bases.

As simple model system we hav,,e chosen th,%e equlibr~um 'cetween r:C
2-pyridone monomer (M) and the dimer (D) of thiis molecule

2 , 1N-H - / N-H--

M D

E~y infrared spectroscopy, we have found the concentration rancegiving nearly the same intensity of monomer and dimer vC=0 bards-
directly involved in hydrogen bond association (21 namnely -2. 10-1 I'l iin
CH-,3CN or CD,3CN and -l10-3 N in CHCl 3 or CDCI 3 sltos

In the present work we try to assign the secondary effects of hydro-
ge fbndn on heterocyclic ring leading to distinct frequencies for tnemonomer (ree 2-pyridone) and for the dimer (associated 2-pyridone).Previous work on, py/ridimum, pyrazinjumn or pyrimidi im salts Koon 2-pyrimloone and 2-pyrimidone salts [43j have shown that some _ringfrequencies are sensitive to the bonding of anhyrgnao toirge'(-H or iNH-)~t respect to the scectra ol tne hyi;dogen stmt ntotlons, somne bands aoeras doublets. Tre reatv in 'Ca~oearrelat~eitiesjt, ' ecn crn-vonent of threse, dublets vary wi-:n conceritrarion. T-en, t,- soectral

cranoges are re lated to the evol ut ion of the 2 M = D eaui Iiutm_ ! ae
spectra of 2-pyridone solutions (2. 10-1 M in CD-,CN) shlov s'(r~ o~li -7.,
1475- 1472, 1376- 1367, 73 1-724 and 5 18-516 cm- . The components ofthese doublets are assigned to monomer and out of phase motion of thedimer. We use also Raman spectroscopy in order to identify the in phasemotion of the centrosymmetnic dimer.

1. Proceedings of the eleventh International Conference on Raman Spectroscopy, 5-9 septembter1988, London, England. Ed. by R.J.H. CLARK and D.A. LONG, John Wiley and 5ons, 19882. S. CASTILLO, J. FAVROT, Th. BOUIS0U et A. ZWICK, Communication aux Journ~es de Chimie
Physique, 1989, Paris

3. R. FOGLIZZO, Th~se de Doctorat s Sciences Physiques, 1970, Paris
4. E. PICQUENARD, Th~se de Doctonat 6S Sciences Physiques, 1982, Paris
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:imuIa on N Proi-ic interactions by P'0rosessi,e Approximations

Heiko H. Ohlenbusch
.VE . _ LOUS' PASTEUR DE :STRASBOURG, FACULTE DE MEDEINE, ENSTITUT DE

PHYSIQLE ?IOLOGIQUE, 4, rue Kirschleoer. F-670S STRaSBOURG Cedex

:mourer generated ionic site correlation functions applied to polyionic
, e,: ,cwere anal"zed ,n order to obtain information about the

"el. .,.e :r,.bab ,I of poly onic intera c
t
ions. it 2 - h. n that this

J Wrocl& :a-m . preictions about preferred rrJtu l *re ntations of
:01,in and could thus be used as guide ton estima ing the most
:- M:..: 'e z z of apoproach of interactrng charged d rt 0 ias as well as
" e -" :'.:Ml-r-a : 0 for iric :cmplefe_ h ch corretponds toe t -a., f W e.cues V;e-V---t~c free energy. -he method Of progressive
::r,_:r.. :M- can be applied step-wise to eleitr,--ta . in

t
era tions

''t t en ':r ;-eater ,1e.il to the an. ,sis of the effect -o dielectric
--"n,-e-s, . i..rc oclarization or ot er shcrt-ran . ecilar force;.
again 0w i ste - se manner. Apolication of the analysis to highly
:nargod mcdel systems has shown that it is po.sible to :elect geometric
--rre in o,. ..be en alternative poltionic conform tions by reglecting
C0 : W re ,-nrt-range molecular forces. The resul s. bt.ained suggest,

th.at the e its due to solvent interactions, counterions and electric
:1.- .r 1.:&,;n are dominated by long-range elec a interactions as
f.r Is ,veral1,l conformation al adaptation is conc-rned, when the
mol.ecue., es ing cart in the interactions, are high y chharged species.

e !.19e -o site correlation function to he used to estimate the
-strength o he molecular interactions depend-s quite tural lx on the
type 04 intera ting sites inuestigated: van der aals interactions are
e-timated 'ram functions of the type 4(1/06), interactions in the
:r - ce_ C, c- unterions from f, /(Rij*e o(K*Ri th 

-
e electrostatic

nt er.tini 4 orn the strength of the ele tr stati: field, i.e.
!,1 Rii*P!; etc., where R and Ri. are th, i terst:mic distances and

K) t. ,Tebe-Hu-ckel oarameter
n Fig. -:,ts of 1/(R*R) are shown for a moving p,.,in c orobe and a
; ,ed a,.n in a oordinate system. The fly-by rorre.:on curves show
t-crnat'n- maxima of repulsions and at tracti on. and prmi t the pairwise

.inment of the molecules corresponding to their inter.ction maximum.
-,nce te geometric information content derivable from such il-by
:,arrelt n ,, ' r".'es does not depend very much on the val ue of the

oonent a' R, the structural deductions that m - e drawn from such
nalyse- 1: not depend very much on the eyt t.-e of correlationr

-unction c-:sir, This alignment determines, in t'l -is par .,cu1ar example,
tre c-,ti:- of the diad axis of symmetry of the polyion:c dimer.
'* Me .. ..-, .in Ma si; has been arpl;ed to :ciole,, h gnhl, charged
*-.r-- -' - , - o ,,r :nstance histones, the bas;c nuc ear crteins,

.. . . . . ...2t -o - . . .: ,,- V n a no tr ; .a . 7 W , t Kai been p-,..,e

" - . E ' a e&4-con 
-

i e 
"  hi .h-res :ut on monKecw mode' for

:- m f - E -. ,- - :I-' m..
r  

-- un L- ,'is , - - h- ci ic 2 'i;

&nx~rc~cwcFigure
Fl - y c:rrelation :ure oW an

artificial poi.ion, pol-', ianine
0a?50 with blocked ends and
Glul9,26,,3,40,Arg22,2?,36,43,

designed to mimi: the central
segment Wf h istone 4

o 100 200 A
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INHIBITOR AND SUBSTRATE BINDING AND CATALYSIS IN DIHYDROFO-

LATE REDUCTASE - A THEORETICAL APPROACH

T. Solmajer
Boris Kidric Institute of Chemistry

Hajdrihova 19
61000 Ljubljana,

Slovenia
Yugoslavia

A fundamenta probiem in chemistry and biochemistry of proteins is understanding the

role of a sin2!e amino acid residue in determining the molecular properties of the protein.

Site-specific directed mutagenesis is avery powerful approach which yields experimental

data such as changes in catalytic properties for mutant species of enzymes compared % ith

their native analogues. Still more understanding can be obtained of an enzyme system it

the X-ray structures of the parent and mutant enzymes are solved. E.Coli dihydrofolate

reductase (wild type, Ser 27 and Asn 27 mutants) is such a system and experimental data

from (1) - the X-ray structures, binding constants of methotrexate inhibitor (MTX) and

catalytic activity for substrate dihydrofolate - were used as a basis for our theoretical study.

A novel methodology consisting of a combination of ab initio split valence basis set cal-

culations and the thermodynamic integration method implemented with the molecular

dynamics was used to determine the binding constants and activation energetics of tie in-

hibitor and substrate, respectively. The results obtained support the view that the electros-

tatic forces play a major role in enzyme catalyses.

References:

1. E.E. Howell et all. Science, 231 (1986), 1123.
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Relationship between molecular properties of sore
Photosystem . herbicide and their activity on triazine-
resistant and susceptible chloroplasts.

S. CRE UZ T, B. * ~LQU -N & : i M. :rS,.! ' -3 -.
Biophysique. Dept de Biologic. :-AINA Saclay. -' ":-sur-
Yvette.

3%:hcde as. %ima am-
-e t y r yr i.i-i herbils i'- hii:-' i -1 e- aSs'.-'h-i

electron flow by competing with a plastoquinone eu -
binding at a oonm site or. te secondry ee=.... :e.... o
Pho"Dsystem X, formed by the :1 protein

The conformations and electronic oroperties of several of
these compound:s, represent. t . f erent str'ttcr " 3
:amilies active on the same site, were letermined S....

mo'ecular mechanics [MHARMM, SYBYL; or quam se-e;:L:a
:MNDO, A M1) methods. Dihedral angles, rtat Ina. energy
barriers, dipole moment and itnisation Cotential were
calculated. Spectroscopic measurements of the in vitro hydrogen
bonding and charge transfer capacities of these :ompcunds were
also :arried t:: and compared with the ca :-:"ted harge
densities. Results obtained by AMI were found to be the :!st
consistent with experimental data and this method was used tC
study the hydrogen bonding properties of the carbonyl of ureas
or the ring nitrogens of triazines with different r
donors.

The conformational and electronic properties :f the
inhibitcrs soudied are then discussed in terms f e 1
mechanism of action on the Dl site and its modificao:cn "v
mutations in D1 leading to different forms of herbicide

resistance.
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ETUDE STRUCTURALE COMPARATIVE D'HYDROXY ET DE TMETHOXY FLAVONES.

CCMPARAISON ENTRE LES RESULTATS RX ET DIVERSES METHODES DE

MODELISATICN MCLECULAIRE.

AijLL:7 3Mta :5S ', 3,:.DC

L7 a- Cenc- e 2 7aail de 1 -Jn.ersite cu iars)

_as 'lavcrlC.aCs 53cr: ur7e :.assa te c~mpcsas raquemmefl

-ecznras dars :as Diantes. -as comocss, avc leurs aralzques

imc-resses aux ets cznfcrrnaticrrels des ;.rteraczicrs enre

!a c yc-e prheryle a-- le systcrnc hatr-cyciiCue cr-Cmcre.

Las 4tuces ;7" te t-nis 41avones metncxvlees Ila 3-methoxy, !a

2 -metncxy at Ia 2 o -cimd!tnoxy) 'nettent an .2v:oence -..Ie

-=rs~tcn cu cyl ' -a henyie varlant de quelques aegres 'nour la 2 -

Antox 7C,71 ocur Ia 2 6-diathcxy flavone.

Dierses .iStncdes -1c 'ncdeisation rncIculaire, ICe pve
tant ue ; >NDO, AM _IJ e t cc necar ique rniecuL alre k 11, I)

,,cntrent Que la metmode Aim!I ce M.J.S. Dewar onne Ics rcsultats

aes C-ls *r=cces cc = da ca: z'isza. i-. _a

gereralisaticn aux tiavores polymethoxylees ccntenues Cans !es

Citu.s per'nettra d, nv-,sager tes c: at-lns Sructr=--

ac : ',1 te.
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Structure determination from NMR using a relaxation matrix approach and
stereoscecific assignment orccedures; aooiication to the solution structure of crambin.

J.A.C.Rullmann, M.M.G.Koning, R.M.J.N.Lamerichs, R.Boelens and R.Kaptein,
Department of Organic Chemistry, University of Utrecht,

Padualaan 3, 3584 CH Utrecnt, the Netnerancs.

An imcorant orcoiem in stnrcture cetermination using 2D NMR data is the accurate
.va.uation of dis.ace constraints frm cbserv/ed Proton-prcton NOE cross peaks.

Ideally, the distance can be derived from the initial builduo rate of NOE intensity as a
function of the mixing time used in, the NMR experiment. Since at small mixing times the
intensJty is also small, the initial rate cannot be measured directly. At ionger mixing
times, however, magnetisation transfer from or to other neighbouring protons (the so
called spin diffusion) has to be taken into account. We describe the Iterative Relaxation
Matrix Approach (or IRMA procedure), which handles spin diffusion quantitatively by
solving the Bloch equation for the NOE magnetisation transfer simultaneously for all
spins in the system. After combining experimental and theoretical NOE intensities (the
latter being derived from a model structure), the relaxation matrix describing the kinetics
of the oroolem is constructed. From this the spin-diffusion corrected constraint distances
can be derived directly. Using restrained Molecular Dynamics an improved structure is
calculated, which in turn is used to derive an improved relaxation matrix. The whole
procedure can be repeated until all experimental NOE's are explained satisfactorily.
Theoretical NOE's, i.e. cross-peak intensities predicted on the basis of a structural
model, can also be used for stereospecific assignment of proton pairs which are
otherMse difficult to discriminate, e.g. B1/B2 protons and terminal methyl groups in Val
and Leu. It will be shown how these assignment procedures can be implemented, and
how they can be combined with structure optimizations in which the barrier to
interchange of the equivalent protons has been reduced to zero. Strategies for the
optimization of structures with Distarce Geometry and restrained Molecular Dynamics
are discussed, using the solution structure of crambin, a protein with 46 residues, as an
example.
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COMBINED USE OF NMR AND RESTRAINED COMPUTER SIMULATIONS FOR THE

MODELING OF THE CYCLIC ANTIFUNGAL LIPOPEPTIDE : STENDOMYCINE.

M.Genest, B.Stawarz, J.P.Simorre, D.Genest, A.Caille and

M.Ptak.

CBM.CNRS., 1A Av. de la Recherche Scientifique,

45071 Orleins Cedex 02

For determining the three dimensionnal structure of a

molecule in solution, the most powerful method is based on

measurements of proton-proton hOe's. Because this mechanism is

strongly distance-dependent, nOe's can be translated into

proton proton distance used as constraints in additional energy

term in computer simulations.

But, translating noe's in term of distances is not always

unambigous due to internal molecular motions and and spin

diffusion phenomena.

Refinement structures based on the superposition of the

experimental and calculated n0e's intensity matrices seems a

better strategy than the fitting of the estimated and

calculated distances matrices to take account of all the

protons proximities.

This refinement method is applied to the ccnformational

analysis of a cyclic peptide, stendomyine, an antifungal

lipopeptide.
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MOLECULAR DYNAMICS STUDIES OF PRISTINAMYCIN HA: FROM CRYSTAL
STRUCTURE TO CONFORMATIONS IN APOLAR SOLV USING NMR DATA.

E. SURCOUF, LMORIZE, D.FRECHET, M. VUILHORGNE,
A.MIKOU*, E.GUITTET* & J.Y.LALLEMAND*

Rh6ne-Poulenc Sanz, Centre de Recherches de Viry, 13 Quai Jules Guesde, BP14,
94403 Vitry sur Seine, France.

*CNRS-ICSN, 91190 Gif sur Yvette, France.

Pristinamycins I and II are natural antibiotics, first isolated from Streptomyces
pristinaespiralis. These two groups of molecules are chemically different, as PI is a peptidic
macrolactone and PII an olefinic macrolactone, but they biologically act in a synergic way. Each
group contains several closely related molecules; PI'A is the major component of P11.

An hemisynthetic work has been realized by Rh6ne-Poulenc Santd to find active
water-soluble Pristinamycins. At the same time, crystallographic studies of these two families
were initiated.

In the present work, the conformation of PIIA in CDCL 3 was determined using restrained
molecular dynamics simulations with the help of proton/proton distance constraints obtained by
ID and 2D NOE spectroscopy at 400 and 250 MHz.

The software package INSIGHT/DISCOVER, the programs MANOSK & Chem-X were
used. The structure thus obtained was compared to the X-Ray crystal structure previously
published (F.Durant & al.,Cryst.Struct.Comm., 1974,3,503-5 10).
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Etude conformationnelle de la tfite Polaire de

lVAmphoth~ricine B A l'4tat

isold ou en pr4sence de moldcules d'eau.

J.Berg~s,J.Cai11et,J.Lang1et

Dynamique des Interactions Mol~culaires
Universit6 Pierre et Marie Curie

N. Gresh
Laboratoire de Biochimie Th~oriqie, associ6 au CNRS

C. Gary-Bobo ,M .Herv4

Service de Biophysique, Dopartement de Biologie, CEN Saclay

Il existe de nombreuses 6tudes exp~rimentales de
l'activit6 des poly~nes ionophores et de leur s6lectivit6
antifongique. L'activit6 ionophorique des poly~nes eat due
A la formation de complexes avec lea sterols. La stabilit6
des complexes poly~nes-st~rols est fondie sur l'energie de
deux types d'interaction et die liaison:

1. les liaisons hydrog~ne entre groupements polaires du
poly~ne et l'hydroxyle st~rolique et 6ventuellement
quelques mol~cules d'eau.

2. des liaisons Van der Waals entre la partie hepta~nique
du poly~ne et le squelette steroidique.

Selon Ia structure de la tate polaire du poly~ne,
1',-nergie die la liaison hydrog~ne est tr- s variable: si elLe
est forte, le complexe ionophorique eat stable quel que soit
I- sterol; si elle 1 ftb 4 la_'Is ir-cractions d(- Van dt
vlaals deviennent pr -oin'a-rea at il y a alors lctit

tUne 4-tude pr~aLable cie la structure die li t.-te polaire
1l6tat isol6, ou en pr~sence de mol6cules d'eau, eat indis-
pensable avant 1l6tude des diff~rents complexes. Nous avons
effectu6 des calculs par la m6thode SIBFA: selon ce proc~d6,
la "iracromol~cule" eat considfr~e comrne un ensemble de frag-
ments reli~s par die simples liaisons et la variation
d'6nergie intramol~culaire eat le r~sultat d'une somme
d'6nergies d'interaction entre lea fragments. La distribution
de charges de chaque fragment eat obtenue A partir d'une
d6composition multipolaire d'une fonction d'onde ab initio.
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Modelization of the disulfure bridge in
Proteins :

ab-initio-CI studies of S2H2 and S2(CH 3 )2

Michel LOOS

Laboratoire de Chimie Theorique, (,.A. .510 CNRS,

UniversilW il Nancy-J. BP 2.9.
F-5,1506 V.andceuvre-les-Nancy, Cedex, France.

The conformation of the disulfide bond in proteins plays an important role in
their properties[lj. Much theoretical work has been done concerning the rotationnel

barriers about the S-S bond. In this work, we investigated not only the fundamental
state potential surface but also that of the first excited state, in order to investigate
the possible radiation d. mmage to the proteins.

We used two models ior the disulfide bond the S2H 2 and S2(CHI)2 systems and
we will report the potential surfaces around the S-S bound for both of them in the

fundamental and first excited state.
All calculations were done with the HONDO programm '21, using a 4-3IG* basis

at the CT level.
The disulfide bonds are known to exhibit strong circular dichroism. We will also

report calculations of the rotatory strengths and dipole strengths of these systems
in the virtual orbital approximation. We demonstrate the possibility of using inner-

shell electronic spectroscopy in the soft X-ray range to gain access to the absolute

conformation around the disulfide bond in proteins from the circular dichroism.
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Analysing and Modeling the Deformation of

Protein Secondary Structures

Catherine Etchetest

Institut de Biologie Physico-Chimique

13, rue Pierre at Marie Curie

Paris 75005, France

Secondary structures, most notably, alpha helices and beta

sheets form a considerable part of most protein confornaticns.

However, these structural elements rarely approach perfect

helicoidal symmetry and their participation in the overall

conformation often involves considerable deformations. In order

to dttempt to understand the energetic nature of these effects we

have made two types of investigation.

Firstly, using a new algorithm we have analysed the nature

of the deformations occurring in well resolved protei

structures, notably the bending of alpha helices and the bending

or torsion of beta sheets. Secondly, we have made theoretical

calculations of deformation energy using a methodolcgy w. hich

enables us to control easily the overall conformation of

oligoreptide fragments. We attempt to correlate the findings with

the influence of the peptide sequence and to clarify, in

particular, the role of special residues such as proline.
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Describing Protein Conformation: A New Mathematical Approach

Krystyna Zakrzewska

Institut de Biologie Physico-Chimique

13, rue Pierre et Marie Curie

Paris 7500D, France

Although a considerable number of protein structures have

now been crystallographically determined to high resolution there

are still difficulties in extracting all the conformational data

that these results contain. In particular, there is no rigorous

procedure for the precise location of secondary structures and
the description of their deformations, or for determining the

exact pathway followed by a folded polypeptide backbone.

An algorithm, P-Curves, recently developed in our

laboratory enables these goals to be achieved in a clear and

general way. This approach corresponds to a generalized

helicoidal description of protein structure and yields both an

overall axis describing the folding of the protein backbone and a

full set of helicoidal parameters locating each peptide in space.

The analysis of a number of well resolved protein conformations

subsequently allows us to define the extent of regions of

secondary structure without reference to local, and often

subjective measures, such as hydrogen bonding or phi/,;psi angles.
This data also allows easy comparison of homologous protein

conformations and should facilitate the definition of sequence-

structure correlations.
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TAUTOMERISM OF THE NUCLEIC AcIoS BASES .REV.SITED:

FROM ISOLATED (NON-INTERACTING) BASES TO THEIR COMPLEXES

JOzef S. Kwiat,:owski, .'sLi. __ '

LtersL , @7-1C0 C PLn

Results are presented from the recent ab Ln !Lc

quantum-mechanical studies of the relative stabilities of the

isolated (non-interacting with the molecules of an environment)

tautomers of the nucleic acids bases. Calculations predict that

the "rare" tautomers (important for tautomeric mechanism of point

mutations) are higher in energy than the "normal" tautomers by

60-65 kJ/mol for adenine and thymine (uracil), but only by 7-9

kJ/mol for cytosine. while in the case of guanine its rare

tautomer is lower by 3 kJ/mol than its normal tautomer. The

predictions correlate well with recent experimental findings from

the infrared spectroscopic studies of the bases isolated in inert

gas matrices.

Results are also presented from the combined approach (ab

intttc calculations for relative stabilities of the isolated

tautomers together with a calculation using Claverie's method for

predicting intermoloecular interaction energies) applied for study

the energetics of dimers and complexes consisting of different

tautomers of cytosine and guanine. It is shown that '-)e

interactions between the bases change the relative stability o#

the individual tautomers. particularly "discriminating" against

the dimers (complexes) containing the rare tautomers. These

intermolecular interactions may be an important factor involved in

the complicated control (repairing) systems of living organisms,

which discriminates against the rare (non-canonic) tautomers of

the bases during several biological processes.
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ELECTROSTATIC BASIS FOR PROTEIN FUNC'IONS: INCORPORATING THE EN-
VIRONMENT IN MICROSCOPIC CALCULATIONS OF FREE-ENERGY AND
DYNAMICS OF CHEMICAL PROCESSES IN SOLUTIONS AND PROTEINS

ARIEH WARSHEL, DEPARTMENT OF CHEMISTRY, UNIVERSITY OF SOUTHERN
CALIFORNIA, LOS ANGELES, CA 90089-1062

It has been arg :ed repeatedly that electrostatic free energies are the key factors that
correlate structure anc ,unction in proteins. 1 However, the examination of this hypothesis is
somewhat meaningless without the ability to perform microscopic calculations of enzymatic
reactions and related processes. Our developments in this field during the last 15 years will be
reviewed. This will cover solvent models ranging from the simplified, yet microscopic,
Langevin Dipoles model(1"2) to surface constraint all atoms models which were implemented
with free energy perturbation calculations. (1' 3) The incorporation of microscopic solvent
models in quantum chemical calculations will be considered, discussing the relative
advantages of MO-SCF approaches(2) and Valence Bond approaches.(3'4) The implementation
of such methods in calculations of activation free energies in solutions and proteins will be
described. 5- 7 The role of the electrostatic fluctuations of the solvent in controlling dynamical
effects will also be discussed and the evaluation of dynamical effects in quantum chemical
calculations of charge transfer reactions will be outlined.

References

(1) a. A. Warshel, Proc. Natl. Acad. Sci., U, 3806 (1978).
b. A. Warshel, Acc. Chem. Res., 14. 284 (1981).
c. A. Warshel and S. Russell, Quart. Rev. Biophys., 17, 283 (1984).

(2) a. A. Warshel and M. Levitt, J. Mol. Biol., 103. 227 (1976).

b. A. Warshel, J. Phys. Chem., 83, 1640 (1979).

(3) A. Warshel, J. Phys. Chem., 86. 2218 (1982).

(4) A. Warshel and R.M. Weiss., J. Am. Chem. Soc., IM0, 6218 (1980).

(5) A. Warshel, F. Sussman., Proc. Natl. Acad. Sci., B1, 3806 (1986).

(6) A. Warshel et.al. J. Mol. Biol.,.2. 139 (1988).

(7) J-K. Hwang, et al., I. Am. Chem. Soc., 1IM. 5297 (1988).



56

MONTE-CARLO FREE ENERGY CALCULATIONS IN CONFORMATIONAL

STATISTICS OF POLYPEPTIDE CHAINS

S. PREMILAT

Laboratoire de Biophysique Molculaire - Universit6 de Nancy I

54506 Vandoeuvre les Nancy

Entropy and more precisely free energy are the relevant
quantities, besides the commonly evaluated conformational
energy, for the theoretical study of macromolecular systems

especially when they are subject to solvent effects. But there
is generally no direct access to such quantities because of
convergence problems in conventional Monte-Carlo simulations.
Moreover, even if it is clear that short-range interactions
restrict chain units to a limited number of low energy

conformations, one has to considere actually excluded volume,
long-range electrostatic interactions and solvent effects as
main factors for analysing the folding of molecular chains

into stable conformations. However, the introduction of such
long-range effects in calculations is a source of major
difficulties as one can no more express the conformational
energy as a sum of terms associated to chain units or first-
neighbor pairs.

However, the partition of the total conformational energy

of a chain molecule into short-range and long-range
interactions allowed us to propose an effective new
approach(l) for using Monte-Carlo calculations in statistical
mechanics of molecular chains. The calculation method in
which the part of energy coming from short-ranqe
interactions is not recalculated at each step of the
procedure, is based on the use of statistical weight matrices

for short-range terms and importance sampling for the part of
energy associated to long-range interactions.

Such an approach gives also a way of defining all the
statistical properties for reference states of the molecular
system. Therefore, it becomes possible to study the behavior

of the molecule under more complex conditions(2). The free
energy and entropy variations due to long-range interactions
are then calculated. Moreover, solvent effects can be
introduced by simple modifications of long-range terms of the
conformational energy as it is generally done for a potential
of mean force. Beside the determination of thermodynamic
properties of the chain molecule, probabilities of chain units
being in their different conformational states are also
estimated. This gives finer information on the conformations
of chain molecule. Application of these calculation methods
are made on molecular models of peptidic hormones.

1. S. Prsmilat,J. Chem. Phys. 88,3385(1988).
2. S. PrLmilat,J. Chem. Phys. 90,5128(1989).
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Dielectric screening in proteins
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Calculation of the Free Energy of Intercalation

by

B.M. Pettitt

Graphite intercalation compounds (or the synthetic metals) have many uses in materials sci-

ence and catalysis. A statistical mechanical theory is developed and applied to study the

structural effects that the thermodynamic state of alkali ions have on graphite intercalation

compounds. The system considered is that of second stage Rb-graphite. Two dimensional

diffraction patterns are computed and compared with experimental measurments. Sensitiv-

ity to model parameters are considered. A low order density functional expansion is found

to adequately describe the interionic structure and free energies of the system modeled as a

two dimensional one component plasma in an anisotropic external field. Work in progress on

extensions to molecular cases and the calculation of interlayer free energies aree also presented.
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Artificial Intelligence in the Molecular World

Marie-Christine HATON
CRIN/INRIA

University of Nancy I
BP 239

54506 Vandoeuvre-les-Nancy (France)

Abstract

While solving problems is a long tradition in experimental sciences,
research on how people actually solve problems is relatively recent. It was
supposed twenty years ago that people knew how to perform problem
solving and overall knew how to teach their methods.

This subject has been recently deepened in the frame of cognitive sciences,
namely by knowledge psychologists and now by knowledge engineers, inside
"Artificial Intelligence" (AI). Al is a branch of advanced information
processing dealing with these activities which characterize human
behaviour: knowledge acquisition and structuration, reasoning, perception,
decision making, etc. Al methods, tending to formalize human knowledge
and reasoning processes, give us new tools for a better understanding of
such processes.

Nowadays, while the use of computers is increasing, the amount and the
complexity of the data involved in the different domains of chemistry
make it imperative to discriminate which information is relevant and to

consider new ways of processing it.

Various aspects of Al may concern the molecular world knowledge and
reasoning representation, heuristic problem solving, planning, image and
natural language understanding, knowledge-based and expert systems,
"intelligent" computer-aided education, symbolic learning. These aspects
will be discussed, focusing on the specific problems the chemist or
physicochemist has to face with (synthesis, experimental planning,
structure elucidation, spectra interpretation, classification, information
retrieval, fault diagnosis in analytical instrumentation, student education
and so on).
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ION CHANNELS IN BIOMEMBRANES

A. PULLMAN
.B.P.C., 13, rue Pierre et Mar;ie Curie 75005 PARIS
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IONIC EFFECTS ON BIOMOLECUUAR CONFORMA~TION
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MOLECULAR MODELLING IN BIOLOGY,

with or without QUANTUM CHEMISTRY.

Bernard PULLMAN

Institut de Biologie Physico-Chimique
Fondation Edmond de Rothschild
13, rue Pierre et Marie Curie

75005 Paris.

Many people seem to ignore to what an extent the
consideration or the omission of certain fundamental quantum-
chemical concepts has played a decisive role in the success of
some and the failure of others in achieving basic discoveries
which laid the foundations of molecular biology.

Today when modelling procedures strive towards the
elucidation of complex structures and interaction mechanisms
the necessity of continuing to use quantum mechanical concepts
and methods is even greater than before. The insufficiency of
molecular graphics based solely on qualitative considerations
of geometrical fitting, hydrogen bonding capabilities, and
similar pictorial representations, will be illustrated in the
topical efforts of the search for antituor DNA binding ligands
with selective specificity for the minor groove of AT or GC
base-pair sequences.
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